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(54) Title: PACKAGING SYSTEMS FOR HUMAN RECOMBINANT ADENOVIRUS TO BE USED IN GENE THERAPY 
(57) Abstract 

The invention provides improved methods and products based on adenoviral materials which can advantageously be used in for 
instance gene therapy. In one aspect an adenoviral vector is provided which has no overlap with a suitable packaging cell line which is 
another aspect of invention. This combination excludes the possibility of homologous recombination, thereby excluding the possibility of 
the formation of replication competent adenovirus. In another aspect an adenovirus based helper construct which by its size is incapable of 
being encapsidated. This helper virus can be transferred into any suitable host cell making it a packaging cell. Further a number of useful 
mutations to adenoviral based materials and combinations of such mutations are disclosed, which all have in common the safety of the 
methods and the products, in particular avoiding the production of replication competent adenovirus and/or interference with the immune 
system. Further a method of intracellular amplification is provided. 
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Title: Packaging systems for human recombinant 
adenovirus to be used in gene therapy. 

The invention relates to the field of recombinant 
DNA technology/ more in particular to the field of gene 
therapy. In particular the invention relates to gene 
therapy using materials derived from adenovirus, in 
5 particular human recombinant adenovirus. It especially 

relates to novel virus derived vectors and novel packaging 
cell lines for vectors based on adenoviruses. 

Gene therapy is a. recently developed concept for 
which a wide range of applications can be and have been 
10 envisaged. 

In gene therapy a molecule carrying genetic 
information is introduced into some or all cells of a 
host, as a result of which the genetic information is 
added to the host in a functional format. 
15 The genetic information added may be a gene or a 

derivative of a gene, such as a cDNA, which encodes a 
protein. In this case the functional, format means that the 
protein can be expressed by the machinery of the host 
cell. 

20 The genetic, information can also be a sequence of 

nucleotides complementary to a sequence of nucleotides (be 
it DNA or RNA) present in the host cell. The functional 
format in this case is that the added DNA (nucleic acid) 
molecule or copies made thereof in situ are capable of 

25 base pairing with the complementary sequence present in 
the host cell. 

Applications include the treatment of genetic 
disorders by supplementing a protein or other substance 
which is, through said genetic disorder, not present or at 

30 least present in insufficient amounts in the host, the 

treatment of tumors and (other), acquired diseases such as 
(auto) immune diseases or infections , etc . 
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As mav be clear fro, the above, there are basically 
three different approaches in gene therapy, one Erected 
t „ rf-ficiency present in a (mammalian) 

towards compensating a deficiency p nation 

h ost; the second directed towards the removal or 
5 of unwanted substances (organisms or cells) and the third 
towards application of a recombinant vaccine (tumors or 
foreian micro-organisms) . , 
ror the Purpose of gene therapy, adenoviruses carrying 

deletions have been proposed as -«> ble - veh ^ ttaiis£(ir 
10 Adenoviruses are non-enveloped D»A viruses . «-^« 
vectors derived from adenoviruses ( so-oalied adenoviral 
vectors, have a number o£ features that make them 
t^euU useful for gene ^^^Z^. 

t he b ioio W of ^^j:t:x:2>> 

15 the adenovirus is not associate .„„.,« nun into 

the virus is extremely efficient in introcucin, its DUX into 
the host cell, the virus can infect a wide variety of cells 
and has a hroad host -range, the virus can he produced in 
large ouantities with relative ease, and the virus can be 
20 rendered replication defective by deletions in the early- 
region 1 (El, of the viral dooble . strandea Dia 

The adenovirus genome is a linear aoubl 
„ole=ule of approximately 36000 base pairs with the 55 kDa 
« » na orotein covalently bound to the 5 • terminus o each 
25 strand The hd D»X contains identical Inverted Terminal 

repeats <m> of °»°« 100 ^ T 

depending on the serotype. The viral origins of 

:;: LaL within - ~ - 

Tecufe ,a a parental displaced strand. The displaced 
st r.„d is single stranded and can form a so-called ^ 
■panhandle" intermediate, which alio . 

,L generation of a daughter duplex molecule alternatively. 
35 replication may proceed from both ends or the genome 
simultaneously, obviating the retirement to form the 
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panhandle structure. The replication is summarized in 
Figure 14 adapted from (Lechner and Kelly, 1977), 

During the productive infection cycle, the viral 
genes are expressed in two phases: the early phase, which 
5 is the period upto viral DNA replication, and the late 

* 

phase, which coincides with the initiation of viral DNA 
replication. During the early phase only the early gene 
products, encoded by regions El, E2, E3 and E4 are 
expressed, which carry out a number of functions that 

10 prepare the cell for synthesis of viral structural 

proteins (Berk, 1986). During the late phase the late ' 
viral gene products are expressed in addition zo the early 
gene products and host cell DNA and protein synthesis are 
shut off. Consequently, the cell becomes dedicated to the 

15 production of viral DNA and of viral structural proteins 
(Tooze, 1981). 

The El region of adenovirus is the first region of 
adenovirus expressed after infection of the target cell. 
This region consists of two transcriptional units, the E1A 

20 and E1B genes, which both are required for oncogenic 

transformation of primary (embryonal) rodent cultures. The 
main functions of the El A gene products are: 
i) to induce quiescent cells to enter the cell cycle and 
resume cellular DNA synthesis, and 

25 ii) to transcriptionally activate the E1B gene and the 

other early regions (E2, E3, E4 ) . Transf ection of primary 
ceils with the El A gene alone can induce unlimited 
proliferation (immortalization), but does not result in 
complete transformation. However, expression cf E1A in 

30 most cases results, in induction of programmed cell death 
(apoptosis), and only occasionally immortalization is 
obtained (Jochemsen et al . , 1987). Co-expression of the 
E1B gene is required to prevent induction of apoptosis and 
for complete morphological transformation to occur. In 

35 established immortal cell lines, high level expression of 
E1A can cause complete transformation in the absence of 
E1B (Roberts et al., 1985). 
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The E1B encoded proteins assist ElA in redirecting 

* «.-„«. rn allow viral replication. The E1B 
the cellular functions to allow vxr * 

55 *D and E4 33kD proteins, which form a complex that 

essentially localized in the nucleus, function xn 

5 inhibiting the synthesis of host proteins and xn 

j-"^^ ^ . i oenes Their main 

facilitating the expression of viral genes I 

influence is to establish selective transport of viral 
^ from the nucleus to the cytoplasm, «— 
with the onset of the late phase of infection. The E1B 21 
10 *D protein is important for correct temporal control ■ 
the productive infection cycle, thereby preventing _ 
pasture death of the host cell before the virus lire 

i~+.~a Mnt-ant viruses incapable or 
cvcle has been completed. Mutant vxxu* 

expressing the E1B 21 U> gene-product exhibit a shorteneo 
15 infection cvcle that is accompanied by excessive 

nidation" of host cell chromosomal D»A <deg-phe„otype, 
and in an enhanced cytopathio effect (cyt-phenotype, 
celling et al., 1.94,. The deg and cyt phenotypes are 
suppressed when in addition the ElA gene » 
,0 indicating that these phenotypes are a function of ElA 
20 hlte lAl., 1,88,. rurthermore, the E1B 21 ». protein 
slows down the rate by which ElA switches on the other 
viral genes. It is not yet Known through which mechanisms, 
E1B 21 KD quenches these ElA dependent functions • 

vectors derived from human adenoviruses, in which at 
* ieast the El region has been deleted and replaced by a 
,ene of interest, have been used extensively or gene 
therapy experiments in the pre-clinical and clinical 

30 """'AS stated before all adenovirus vectors currently 
used in gene therapy have a deletion in the El region^ 
wuere novel genetic information cab be !*»*»-• ™ E1 
aeletion renders the recombinant virus 
defective .stratford-Perricaudet and 19911 ' 

35 „e have demonstrated that recombinant adenovi ruses are 

able to efficiently transfer recombinant genes to th rat 
liver and airway epithelium of rhesus monkeys (Bout et 
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al., 1994b; Bout et al., 1994a). In addition, we (Vincent 
et al., 1996a!; Vincent et al., 1996b) and others (see e.g. 
Haddada et al., 1993) have observed a very efficient in 
vivo adenovirus mediated gene transfer to a variety of 
5 tumor cells in vitro and to solid tumors in animals models 
(lung tumors, glioma) and human xenografts in 
immunodef icient mice (lung) in vivo (reviewed by Blaese et 
al. , 1995) 

In contrast to for instance retroviruses, 

10 adenoviruses a) do not integrate into the host cell 

genome; b) are able to infect non-dividing cells and c) 
are able to efficiently transfer recombinant genes in vivo 
(Brody and Crystal, 1994). Those features make 
adenoviruses attractive candidates for in vivo gene 

15 transfer of, for instance, suicide or cytokine genes into 
tumor cells . 

However, a problem associated with current 
recombinant adenovirus technology is the possibility of 
unwanted generation of replication competent adenovirus. 

20 (RCA) during the production of recombinant adenovirus 
(Lochmuller et al., 1994; Imler et al . , 1996). This is 
. caused by homologous recombination between overlapping 
sequences from the recombinant vector and the adenovirus 
constructs present in the complementing cell line, such as 

25 the 293 cells (Graham et al . , 1977), RCA in batches to be 
used in clinical trials is unwanted because RCA i) will 
replicate in an uncontrolled fashion; ii) can complement 
replication defective recombinant adenovirus, causing 
uncontrolled multiplication of the recombinant adenovirus 

30 and iii) batches containing RCA induce significant tissue 
damage and hence strong pathological side effects 
(Lochmuller et al., 1994). Therefore, batches to be used 
in clinical trials should be proven free of RCA (Ostrove, 
1994). In one aspect of the invention this problem in 

35 virus production is solved in that we have developed 

packaging cells that have no overlapping sequences with a 
new basic vector and thus are suited for safe large scale. 
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production of recombinant adenoviruses one of the 
proaucuuu w recombinant 
additional problems associated wxth the use of r 
adenovirus vectors is the host-defence reactxon agaxnst 

5 tr ~rr ^:i:t adenoviruses are deleted for the 
5 El region ('see above). The adenovirus ,1 products trxgger 
the transcription of the other early genes E2 E3 E4) 
whi ch consequently activate expression of the late vxrus 
genes. Therefore, it was generally thought that El deleted 
10 vectors would not express any other adenovxrus gen* _ 
However, recently it has been de.onstra.ed ^at ~me ce 1 
types are able to express adenovirus genes xn the absence 

of El seouences. This indicates, that some cell types 
of El sequent ; Dtion Q f adenovxrus 

possess the machinery to drxve transcr-otxo 
■ 15 genes. In particular, it was demonstrated that such 
synthesize E2A and late adenovirus protexns 

In a gene therapy setting, this means that transfer 

„ nm hinant aene to somatic cells not 
of the therapeutic recombxnant gene 

ot tne i-nex . theraoeutic protexn but 

onlv results in expressxon of the tner 

u the svnthesis of viral protexns. Cells 
20 mav also result xn the syntn« lulled 
that express adenoviral proteins are recognxzed and kxlled 
that express au<= eradicates the 

by cvtotoxic T Lymphocytes, whxch thus a) eraa 

~, . rolls and b) causes inflammations (Bout et al., 
transducea cells ana d) , s 

Q) . -i 1993; Simon et al., 19y.s).As> 
1994a: Enaelnardt et al . , J-" J ' i 
' is hampering aene therapy, several 

?5 this adverse reactxon xs nampexny . 

2b tnxs *u suaaested, such as a) 

solutions to thxs ^ ^ t ; eatment; b) 

using immunosuppressxve agent aft. recombinant 

retainment of the adenovxrus E3 regxon -n 

retaxnment u «, 952 02213) and c) and 

vector (see patent applxcatxon EP > 

30 using ts mutants of human ^ 

■ n E2A region (patent WOA8938). 
mu tatxon xn the E2A regx IP t the irnmune 

However, these strategxes 
response have their limitations. 

The use of ts mutant recombinant adenovxrus 

lungs (Engeihardt et al., 1994a). 
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The E2A protein may induce an immune response by 
itself and it plays a pivotal role in the switch to the 
synthesis of late adenovirus proteins. Therefore, it is 
attractive to make recombinant adenoviruses which are 
5 mutated in the E2 region, rendering it temperature 

sensitive (ts), as has been claimed in patent application 
WO/28938. 

A major drawback of this system is the fact that, 
although the E2 protein is unstable at the non- permissive 

10 temperature, the immunogenic protein is still being 

synthesized. In addition, it is to be expected that the 
unstable protein does activate late gene expression, 
albeit to a low extent. tsl25 mutant recombinant 
adenoviruses have been tested, and prolonged recombinant 

15 gene expression was reported (Yang et al . , 1994b; 

Engelhardt et al. ; 1994a; Engelhardt et al., 1994b; Yang 
et al., 1995). However, pathology in the lungs of cotton 
rats was still high (Engelhardt et al., 1994a), indicating 
that the use of ts mutants results in onlv a Dartial 

20 improvement in recombinant adenovirus technology. Others 
. (Fang et al . , 1996) did not observe prolonged gene 
expression in mice and dogs using ts!25 recombinant 
adenovirus. An additional difficulty associated with the 
use of ts!25 mutant adenoviruses is that a high frequency 

25 of reversion is observed. These revertants are either reai 
revertants or the result of second site mutations (Kruijer 
et al., 1983; Nicolas et al . , 1981). Both types of 
revertants have an E2A protein that functions at normal 
temperature and have therefore similar toxicity as the 

30 wild-type virus. 

In another aspect of the present invention we 
therefore delete E2A coding sequences from the recombinant 
adenovirus genome and transfect these E2A sequences into 
the (packaging) cell lines containing El sequences to 

35 complement recombinant adenovirus vectors. 
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Major hurdles in this approach are a) that E2A should 
be expressed to very high levels and b) that E2A protexn 

is very toxic to cells. 

The current invention in yet another aspect therefore 
5 discloses use of the ts!25 mutant E2A gene, which produces 
a protein that is not able to bind DNA sequences at the 
non permissive temperature. High levels of this protein 
may be maintained in the cells (because it is not toxic at 

v n«fii thP switch to the permissive 
this temperature) until tne swiuuu r 

10 temperature is made. This can be combined with placing the 
mutant E2A gene under the direction of an inducible 
promoter, such as for instance tet, methallothionem. 
steroid inducible promoter, retinoic acid p-receptor or _ 
other inducible systems. However in yet another aspect or 

15 the invention, the use of an inducible promoter to control 
the moment of production of toxic wild- type E2A is 
disclosed. 

Two salient additional advantages of E2A-deleted 
recombinant adenovirus are the increased capacity to 
20 harbor heterologous sequences and the permanent selection 
for cells that express the mutant E2A. This second 
advantage relates to the high frequency of reversion of 
tsl25 mutation: when reversion occurs in a cell line 
harboring ts!25 E2A, this will be lethal to the cell. 
25 Therefore, there is a permanent selection for those cells 
that express the 1*123 mutant E2A protein. In addxtion, as 
we in one aspect of the invention generate E2A-deleted 
recombinant adenovirus, we will not have the problem of 
reversion in our adenoviruses. 

in yet another aspect of the invention as a further 
improvement the use of non-human cell lines as packaging 

cell lines is disclosed. 

For GMP production of clinical batches of recombinant 
viruses it is desirable to use a cell line that has been 
,5 used widely for production of other biotechnology 

products. Most of the latter cell lines are from monkey 
oriain, which have been used to produce e.g. vaccines. 



30 
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These cells can not be used directly for the production of 
recombinant human adenovirus, as human adenovirus can not 
or only to low levels replicate in cells of monkey origin. 
A block in the switch of early to late phase of adenovirus 
5 lytic cycle is underlying defective replication. However, 
host range mutations in the human adenovirus genome are 
described (hr400 - 404) which allow replication of human 
viruses in monkey, cells. These mutations reside in the 
gene encoding E2A protein (Klessig and Grodzicker, 1979; 

10 Klessig et al., 1984; Rice and Klessig, 1985 ) (Klessig et 
al., 1984). Moreover, mutant viruses have been described 
that harbor both the hr and temperature -sensitive tsl25 
phenotype (Brough et al., 1985; Rice and Klessig, 1985). 
We therefore generate packaging cell lines of monkey 

15 origin (e.g. VERO, CV1) that harbor: 

a. El sequences, to allow replication of E1/E2 defective 
adenoviruses, and 

b. E2A sequences, containing the hr mutation and the ts 
125 mutation, named ts400 (Brough et al., 1985; Rice 

20 and Klessig, 1985) to prevent cell death by E2A 

overexpression , and/or 

c. E2A sequences, just containing the hr mutation, under 

+ 

the control of an inducible promoter, and/or 

d. E2A sequences, containing the hr mutation and the ts 

25 125 mutation (ts400), under the control of an inducible 

promoter 

Furthermore we disclose the construction of novel and 
improved combinations of (novel and improved) packaging 
30 cell lines and (novel and improved) recombinant adenovirus 
vectors . We provide : 

1. a novel packaging cell line derived from diploid human 
embryonic retinoblasts (HER) that harbors nt. 80 - 
5788 of the Ad5 genome. This cell line, named 911, 
35 deposited under no 95062101 at the ECACC, has many 

characteristics that make it superior to the commonly 
used 293 cells (Fallaux et al., 1996). 
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novel packaging cell lines that express just E1A genes 

and nor E1B genes. _ 
Established cell lines (and not human diploid cells of 
which 293 and 911 cells are derived) are able to 
express E1A to high levels without undergoing 
apoptotic cell death, as occurs in human diploid cells 
that exoress E1A in the absence of E1B . 
Such ceil lines are able to trans- complement E1B- 
defect<ve recombinant adenoviruses, because viruses 
mutated for E1B 21 kD protein are able to complete • 
viral replication even faster than wild-type 

„ .. . „ at .i 19941. The constructs 
adenoviruses (Telling et al., 

are described in detail below, and graphically 
represented in Figures 1-5. The constructs are 
transacted into the different established eel 1«« 
and are selected for high expression of E1A. This is 
done by operatively linking a selectable 
(e .g. NEC gene) directly to the E1B promoter. The E1B 
promoter is transcriptionally activated by the E1X 
gene product and therefore resistance to the selective 
agent (e.g. G418 in the case NEO is used as the 
selection marker) results in direct selection for 
desired expression of the E1A gene . fnr 

Packaoina constructs that are mutated or deleted for 
E1B 21 kD, but just express the 55 kD protein. 
Packaging constructs to be used for generation of 
complementing packaging cell lines from diploid cells 
(not exclusively of human origin) without the need of 
selection with marker genes. These cells are 
immortalized by expression of E1A. However, in this 
particular case expression of BIB is essential to 
prevent apoptosis induced by E1A proteins. 
Selection of El expressing cells is achieved by 
selection for focus formation (immortalization), as 
described for 293 cells (Graham et ai., 1977) and 911 
cells (Fallaux et al, 1996), that are El -transformed 
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human embryonic kidney (HEK) cells and human embryonic 
retinoblasts (HER), respectively. 
5.. After transfection of HER cells with construct pIG.ElB 
(Fig. 4), seven independent cell lines cculd be 
5 established. These cell lines were designated PER. CI, 

PER.C3, PER.C4, PER.C5, PER.C6, PER.C8 and PER.C9. PER 
denotes PGK-E1 - Retinoblasts . These cell lines express 
E1A and E1B proteins, are stable (e.g. PIR.C6 for more 
than 57 passages) and complement El defective 
10 . adenovirus vectors. Yields of recombinant adenovirus- 
obtained on PER cells are a little higher than 
. obtained on 293 cells. One of these cell lines 

(PER.C6) has been deposited at the ECACC under number 
96022940. 

15 6 . New adenovirus vectors with extended El deletions 

(deletion nt. 4 59 - 3 510) . Those viral vectors lack 
sequences homologous to El sequences in said packaging 
cell lines. These adenoviral vectors contain pIX 
promoter sequences and the pIX gene, as pIX (from its 

20 natural promoter sequences) can only b expressed from 

* 

the vector and not by packaging cells (Matsui et al , 
1986, Hoeben and Fallaux, pers.comm.; imier et al . , 
1996) . 

7. E2A expressing packaging cell lines preferably based 
25 on either E1A expressing established ceil lines or E1A 

- E1B expressing diploid cells (see under 2-4). E2A 
expression is either under the control cf an inducible 
promoter or the E2A tsl25 mutant is driven by either 
an inducible or a constitutive promoter. 
30 8 . Recombinant adenovirus vectors as described before 
(see. 6) but carrying an additional deletion of E2A 
sequences . 

9 . Adenovirus packaging cells from monkey origin that are 
able to trans -complement El-defective recombinant 

> 

35 adenoviruses. They are preferably co-transf ected with 

pIG.ElAElB and pIG.NEO, and selected for NEO 
resistance. Such cells expressing E1A and E1B are able 
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to transcomolement Si defective recombinant human 
adenoviruses, but will do so inefficiently because of 
a block of the synthesis of late adenovirus proteins 
in cells of monkey origin (Klessig and Grodzicker, 
5 1979). To overcome this problem, we generate 

recombinant adenoviruses that harbor a host-range 
mutation in the E2A gene, allowing human adenoviruses 
to replicate in monkey cells . Such viruses are 
generated as described in Figure 12, -except DNA from a 
hr-mutant is used for homologous recombination. 
10. Adenovirus packaging cells from monkey origin as 
described under 9, except that they will also be 
co-transfected with E2A sequences harboring the hr 
mutation. This allows replication of human 
adenoviruses lacking El and E2A (see under 8). E2A in 
these cell lines is either under the control of an 
inducible promoter or the tsE2A mutant is used, .n the 
latter case, the E2A gene will thus carry both tne ts 
mutation and the hr mutation (derived from ts400). 
Replication competent human adenoviruses have been 
described that harbor both mutations (Brough et al., 
1985; Rice and Klessig, 1985). 

A further aspect of the invention provides otherwise 
improved adenovirus vectors, as well as novel strategies 
for generation and application of such vectors and a 
method for the intracellular amplification of linear DNA 
fragments in mammalian cells. 

The so-called "minimal" adenovirus vectors according 
i-o the present invention retain at least a portion of the 
viral genome that is required for encapsidation of tne 
genome into virus particles (the encapsidation signal), as 
well as at least one copy of at least a functional part or 
a derivative of the Inverted Terminal Repeat (ITR) , that 
< s DNA sequences derived from the termini of the linear 
adenovirus genome. The vectors according to the present 
invention will also contain a transgene linked to a 
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promoter sequence to govern expression of the transgene. 
Packaging of the so-called minimal adenovirus vector can 
be achieved by co-infection with a helper virus or, 
alternatively, with a packaging deficient replicating 
5 helper system as described below. 

Adenovirus -derived DNA fragments that can replicate 
in suitable cell lines and that may serve as a packaging 
deficient replicating helper system' are generated as 
follows. These DNA fragments retain at least a portion of 
the transcribed region of the "late" transcription unit of 
the adenovirus genome and carry deletions, in at least a 
portion of the El region and deletions in at least a 
portion of the encapsidation signal. In addition, these 
DNA fragments contain at least one copy of an inverted 
15 terminal repeat (ITR). At one terminus of the transfected 
DNA molecule an ITR is located. The other end may contain 
an ITR, or alternatively, a DNA sequence that is 
complementary to a portion of the same strand of the DNA 
. molecule other than the ITR. If, in the latter case, the 
20 two complementary sequences anneal, the free 3'-hydroxyl 
group of the 3 ■'. terminal nucleotide of the hairpin- 
structure can serve as a primer for DNA synthesis by 
cellular and/or adenovirus -encoded DNA polymerases, 
resulting in conversion into a double -stranded form of at 
25 least a portion of the DNA molecule. Further replication 
initiating at the ITR will result in a linear double- 
stranded DNA molecule, that is flanked by two ITR's, and 
is larger than the original transfected DNA molecule (see 
Fig. 13). This molecule can replicate itself in the 
transfected cell by virtue of the adenovirus proteins 
encoded by the DNA molecule and the adenoviral and 
cellular proteins encoded by genes in the host-cell 
genome. This DNA molecule can not be encapsidated due to 
its large size (greater than 39000 base pairs) or due to 
35 the absence of a functional encapsidation signal. This DNA 
molecule is intended to serve as a helper for the 
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production of defective adenovirus vectors in suitable 

cell lines. . 

The invention also comprises a method for the 
amplification of linear DNA fragments of variable size in 
5 suitable mammalian cells . These DNA fragments contain at 
least one copy of the ITR at one of the termini of the 
fragment. The other end may contain an ITR, or 
alternatively, a DNA sequence that is complementary to a 
portion of the same strand of the DNA molecule other than 
10 the ITR. If, in the latter case, the two complementary 
sequences anneal, the free 3' -hydroxy 1 group of the 
3- terminal nucleotide of the hairpin -structure can serve 
as a primer for DNA synthesis by cellular and/or 
adenovirus -encoded DNA polymerases, resulting in 
15 conversion of the displaced stand into a double stranded 
form of at least a portion of the DNA molecule. Further 
replication initiating at the ITR will result in a linear 
double- stranded DNA molecule, that is flanked by two 
ITR' s, which is larger than the original transfected DNA 
20 molecule. .-- DNA molecule that contains ITR sequences at 
both ends can replicate itself in transfected cells by 
virtue of the presence of at least the adenovirus E2 
proteins (viz. the DNA-binding protein ;DBP), the 
adenovirus DNA polymerase (Ad-pol), and the preterminal 
25 protein (pTP) . The required proteins may be expressed from 
adenovirus aenes on the DNA molecule itself, from 
adenovirus E2 genes integrated in the host- ceil genome, or 
from a replicating helper fragment as described above. 
Several groups have shown that the presence of ITR 
30 sequences ai the end of DNA molecules are sufficient to 

generate adenovirus minichromosomes that can replicate, if 
the adenovirus -proteins required for replication are 
provided ir. trans e.g. by infection with a helpervirus (Hu 
et al., 1992); (Wang and Pearson, 1985): (Hay et al., 
35 1984). Hu et al . , (1992) observed the presence and 

replication of symmetrical adenovirus minichromosome- 
dimers after transfection of plasmids containing a single 
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ITR. The authors were able to demonstrate that these 
dimeric minichromosomes arize after tail-to-tail ligation 
of the single ITR DNA. molecules . In DNA extracted from 
defective adenovirus type 2 particles, dimeric molecules 
5 of various sizes have also been observed using electron- 
microscopy (Daniell, 1976). It was suggested that the 
incomplete genomes were formed by illegitimate 
recombination between different molecules and that 
variations in the position of the sequence at which the 
10 illegitimate base pairing occurred were resonsible for the 
heterogeneous nature of the incomplete genomes. Based on 
this mechanism it was speculated that, in theory, 
defective molecules with .a total length of u? to two times 
the normal genome could be generated. Such mciecules could 
15 . contain duplicated sequences from either end of the 

genome. However, no DNA molecules larger than the full- 
length virus were . found packaged in the defective 
particles (Daniell, 1976). This can be explained by the 
size- limitations that apply to the packaging. In addition, 
20 it was observed that in the virus particles 3NA-molecules 
with a duplicated left-end predominated over those 
containing the right-end terminus (Daniell, 1976). This is 
fully explained by the presence of the encapsidation 
signal near. that left -end of the genome (Grabie and 
25 Hearing, 1990; Grabie and Hearing, 1992; Hearing et al., 
198.7;. 

The major problems associated with the current 
adenovirus -derived vectors are: 

A) The strong immunogenicity of the virus particle 
30 B) The expression of adenovirus genes that reside 

in the adenoviral vectors, resulting in a Cytotoxic T-celi 
response against the transduced cells. 

C) The low amount of heterologous sequences that 
can be accommodated in the current vectors (Up to 
35 maximally approx. 8000 bp. of heterologous DNA) . 
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Ad A) The strong immunogenicity of the adenovirus 
particle results in an immunological response of the host, 
even after a single administration of the adenoviral 
vector As a result of the development of neutralizing 
3 antibodies, a subsequent administration of the virus will 
be less effective or even completely ineffective. However, 
a prolonged or persistent expression of the transferred 
genes will reduce the number of administrations required 
and may bypass the problem. 
TO Ad B) Experiments performed by Wilson and 

collaborators have demonstrated that after adenovirus - 
mediated gene transfer into immunocompetent animals, the 
expression of the transgene gradually decreases and 
disappears approximately 2 - 4 weeks post- infection (Yang 
15' et ai., 1994a; Yang et al., 1994b). This is caused by the 
development of a Cytotoxic T-Cell (CTL) response against 
the transduced cells . The CTLs were directed against 
adenovirus proteins expressed by the viral vectors . In the 
transduced cells synthesis of the adenovirus DNA-binding 
protein (the E2A-gene product), penton and fiber proteins 
( late-gene products) could be established. These 
adenovirus proteins, encoded by the viral vector, were 
expressed despite deletion of the El region. This 
demonstrates that deletion of the El region is not 
sufficient to completely prevent expression of the viral 
aenes (Engelhardt et al., 1994a). 

Ad C) Studies by Graham and collaborators have 
demonstrated that adenoviruses are capable of 
encapsidating DNA of up to 105% of the normal genome size 
(Bett et al.. 1993). Larger genomes tend to be instable 
resulting in loss of DNA sequences during propagation of 
the virus . combining deletions in the El and E3 regions of 
the virual genomes increases the maximmum size of the 
foreign that can be encapsidated to approx. 8.3 kb. In 
35 addition, some sequences of the E4 region appear to be 

dispensable for virus growth (adding another 1.8 kb to the 
maximum encapsidation capacity). Also the E2A region can 
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be deleted from the vector, when the E2A gene product is 
provided in trans in the encapsidation cell line, adding 
another 1.6 kb. It is, however, unlikely that the maximum 
capacity of foreign DNA can be significantly increased 
5 further than 12 kb. 

We developed a new strategy for the generation and 
production of helperfree- stocks of recombinant adenovirus 
vectors that can accomodate up to 3 8 kb of foreign DNA. 
Only two functional ITR sequences, and sequences that can 

10 function as an encapsidation signal need to be part of the 
vector genome. Such vectors are called minimal 
adenovectors . The helper functions for the minimal 
adehovectors are provided in trans by encapsidation 
defective -replication competent DNA molecules that contain 

15 all the viral genes encoding the required gene products, 
with the exception of those genes that are present in the 
host-cell genome, or genes that reside in the vector 
genome . 

The applications of the disclosed inventions are 
20 outlined below and will be illustrated in the experimental 
part, which is only intended for said purpose, and should 
not be used to reduce the scope of the present invention 

i 

as understood by the person skilled in the art. 
25 Use of the IG packaging constructs Diploid cells. 

The construcrs, in particular pIG.ElA.ElB, will be 
used to transfect diploid human cells, such as Human 
Embryonic Retinoblasts (HER), Human Embryonic Kidney cells 

30 (HEK) , and Human Embryonic Lung cells (HEL) . Transfected 
cells will be selected for transformed phenotype (focus 
formation) and tested for their ability to support 
propagation of El -deleted recombinant adenovirus, such 
as IG . Ad.MLPI . TK . Such cell lines will be used for the 

35 generation and (large-scale) production of El-deleted 
recombinant adenoviruses. Such cells, infected with 
recombinant adenovirus are also intended to be used 
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in vivo as a local producer of recombinant adenovirus, 
eg. for the treatment of solid tumors. 

911 ceils are used for the titration, generation and 
production of recombinant adenovirus vectors (Fallaux et 

5 al., 1996). 

HER ceils transfected with pI6.ElA.ElB has resulted 

in 7 independent clones (called PER ceils). These clones 
are used for the production of El deleted (including non- 
overlapping adenovirus vectors) or El defective 
10 recombinant adenovirus vectors and provide the basis for- 
introduction of e.g. E2B or E2A constructs (e.g. ts!25E2A, 
see below), E4 etc., that will allow propagation of 
adenovirus vectors that have mutations in e . g . E2A or E4 . 
in addition, diploid cells of other species that are 
15 permissive for human adenovirus, such as the cotton rat 

(Sigmodon hispidas) (Pacini et al., 1984), Syrian hamster 
(Morin et al., 1987) or chimpanzee (Levrero et al., 1991), 
will be immortalized with these constructs. Such cells, 
infected with recombinant adenovirus , are also intended to 
20 be used in vivo for the local production of recombinant 
adenovirus, e.g. for the treatment of solid tumors. 

Established cells. 

The constructs, in particular pIG.ElA.NEO, can be 
used to transfect established cells, e.g. A549 (human 
bronchial carcinoma), KB (oral carcinoma), MRC-5 (human 
diploid luna cell line) or GLC cell lines (small cell lung 
cancer) (de Leij et al., 1985; Postmus et al., 1988) and 
30 selected for NEO resistance. Individual colonies of 

resistant ceils are isolated and tested for their capacity 
to support propagation of El-deleted recombinant 
adenovirus, such as IG.Ad.MLPI.TK. When propagation of El 
deleted viruses on E1A containing cells is possible, such 
^5 cells can be used for the generation and production of 

El-deleted recombinant adenovirus. They are also be used 
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. for the propagation of E1A deleted/ElB retained 
recombinant adenovirus . 

. Established cells can also be co-transf ected with 
pIG.ElA.ElB and pIG.NEO (or another NEO containing 
5 expression vector). Clones resistant to G418 are tested 
for their ability to support propagation of II deleted 
recombinant adenovirus, such as IG. Ad.MLPI . TK and used for 
the generation and production of El deleted recombinant 
adenovirus and will be applied in vivo for local 
10 production of recombinant virus, as described for the 
diploid cells (see above). 

All cell lines, including transformed diploid cell 
lines or NEO-resistant established lines, can be used as 
the basis for the generation of 'next generation 1 
15 packaging cells lines, that support propagation of ■ 

El -defective recombinant adenoviruses, that also carry 
deletions in other genes, such as E2A and E4 . Moreover, 
they will provide the basis for the generation of minimal 
adenovirus vectors as disclosed herein. 

20 

E2 expressing cell lines 

Packaging cells expressing E2A sequences are and will 
be used for the generation and (large scale) production of 
25 • E2A-deieted recombinant adenovirus. 

The newly generated human adenovirus packaging cell 
lines or cell lines derived from species permissive for 
.. human adenovirus (E2A or tsl25E2A; E1A + E2A; E1A ▼ E1B - 
E2A; E1A - E2A/tsl25; E1A + E1B - E2A/tsl25) or. non- 
30 permissive cell lines such as monkey cells (hrE2A or hr -j- 
tsl25E2A; E1A + hrE2A; E1A + E1B - hrE2A; E1A -r 
hrE2A/tsl25; E1A - E1B + hrE2A/tsl25) are and will be used 
for the generation and (large scale) production of E2A 
deleted recombinant adenovirus vectors. In addition, they 
35 will be applied in vivo for local production of 

recombinant virus , as described for. the diploid cells (see 
above) . 
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Novel adenovirus vectors. 
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The newly developed adenovirus vectors harboring an 
El deletion of nt. 459-3510 will be used for gene transfer 
purposes. These vectors are also the basis for the 
development of further deleted adenovirus vectors tr.at are 
mutated for e.g. E2A, E2B or E4 . Such vectors will be 
generated e.g. on the newly developed packaging ceil lines 
described above (see 1-3). 

Minimal adenovirus packaging system 

We disclose adenovirus packaging constructs (to be 
used for the packaging of minimal adenovirus vectors; may 
15 have the following characteristics: 

a the packaging construct replicates 

b. the packaging construct can not be packaged because 
the packaging signal is deleted 

c. the packaging construct contains an internal hairpin- 
20 forming sequence (see section 'Experimental; suggested 

hairpin' see Fig. 15) 

d because of the internal hairpin structure, the 

packaging construct is duplicated, that is the DNA 
of the packaging construct becomes twice as lcng as 
25 it was before transfection into the packaging cell 

(in our sample it duplicates from 35 kb to 70 kb) . 
This duplication also prevents packaging. Note that 
this duplicated DNA molecule has ITR's at both 
termini (see e.g. Fig. 13) 
30 e this duplicated packaging molecule is able to 

replicate like a 1 normal adenovirus ' DNA molecule 
f the duplication of the genome is a prerequisite for 
the production of sufficient levels of adenovirus 
proteins, required to package the minimal adenovirus 
3 5 vector 
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g. the packaging construct has no overlapping sequences 
with the minimal vector or cellular sequences that 
may lead to generation of RCA by homologous 
recombination. 

5 

This packaging system will be used to produce minimal 
adenovirus vectors. The advantages of minimal adenovirus 
vectors e.g. for gene therapy of vaccination purposes, are 
well known (accommodation of up to 38 kb^ gutting of all 
10 potentially toxic and immunogenic adenovirus genes). 

Adenovirus vectors containing mutations in essential 
genes (including minimal adenovirus vectors) can also be 
propagated using this system. . 

15 Use of intracellular E2 expressing vectors. 

Minimal adenovirus vectors are generated using the 
helper functions provided in trans by packaging-deficient 
replicating helper molecules.. The adenovirus -derived ITR 

20 sequences serve as origins of DNA replication in the 
presence of at least the E2-gene products. When the E2 
gene products are expressed from genes in the vector 
genome (N.B. the gene(s) must be driven by an El- 
independent promoter), the vector genome can replicate in 

25 the target cells. This will allow an significantly 

increased number of template molecules in the target 
cells, and, as a result an increased expression of the 
genes of interest encoded by the vector. This is of 
particular interest for approaches of gene therapy in 

30 cancer. 

Applications of intracellular amplification of 
linear DNA fragments. 

35 A similar approach could also be taken if 

amplification of linear DNA fragments is desired. DNA 
fragments of known or unknown sequence could be amplified 
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in cells containing the E2-gene products if at least one 
ITR sequence is located near or at its terminus . There are 
no apparent constraints on the size of the fragment. Even 
fragments much larger than the adenovirus genome (36 kb) 
5 should be amplified using this approach .: It is thus 
possible to clone large fragments in mammalian cells 
without either shuttling the fragment into bacteria (such 
as E.coli) or use the polymerase chain reaction (P.C.R.). 
At the end stage of an productive adenovirus infection a 
10 single cell can contain over 100,000 copies of the viral 
genome. In the optimal situation, the linear DNA fragments 
can be amplified to similar levels. Thus, one should be 
able to extract more than 5 ng of DNA fragment per 10 
million cells (for a 35-kbp fragment). This system can be 
n used to express heterologous proteins '.equivalent to the 
Simian Virus 40-based COS-cell system) for research or for 
therapeutic purposes. In addition, the system can be used 
to identifv aenes in large fragments of DNA. Random DNA 
fragments mav be amplified (after addition of ITR.) and 
20 expressed during intracellular amplification. Election 

or, selection of those cells with the desired phenotype can 
be used to enrich the fragment of interest and to isolate 

» 

the gene. 
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Generation of cell lines able to transcomplement El 
defective recombinant adenovirus vectors. 

1 911 cell line 

30 We have generated a cell line that harbors El 

- j onn „irn? tvoe 5, able to trans -complement 
seauences or adenovirus type a, 1QQC , 

El 'deleted recombinant adenovirus (Faliaux et al., 1996). 

This cen line was obtained by transfection of human 
diploid human embryonic retinoblasts (HER) with pAdSXhoIC, 
35 that contains nt. 80 - 5788 of Ad5; one of the resulting 
transformants was designated 911. This cell line has been 
shown to be very useful in the propagation of El defective 
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recombinant adenovirus. It was found to be superior to the 
293 cells. Unlike 293 cells, 911 cells lack a fully 
transformed phenotype, which most likely is the cause of 
performing better as adenovirus packaging line: 
5 plaque assays can be performed faster (4-5 days 

instead of 8-14 days on 293) 

monolayers of 911 cells survive better under agar 
overlay as required for plaque assays 

higher amplification of El -deleted vectors 

10 

In addition, unlike 293 cells that were transfected 
with sheared adenoviral DNA f 911 cells were transfected 
using a defined construct. Transfection efficiencies of 
911 cells are comparable to those of 293. 

New packaging constructs. 
Source of adenovirus sequences. 

Adenovirus sequences are derived either from 
20 pAdS.SalB, containing nt. 80 - 94 60 of human adenovirus 
type 5 (Bernards et al., 1983) or from wild-type Ad5 DNA. 

pAdS.SalB was digested with Sail and Xhol and the 
large fragment was religated and this new clone was named 
pAd5.X/S. 

25 . The pTN construct (constructed by Dr. R. Vogels, 

IntrcGene, The Netherlands) was used as a source for the 
human PGK promoter and the NEO gene. 
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Human PGK promoter and NE0 R gene. 



Transcription of E1A sequences in the new packaging 
constructs is driven by the human PGK promoter (Michelson 
et al., 1983; Singer-Sam et al . , 1984), derived from 
plasmid pTN (gift of R. Vogels), which uses pUC119 (Vieira 
35 and Messing, 1987) as a backbone. This plasmid was also 
used as a source for NEO gene fused to the Hepatitis B 
Virus (HBV) poly-adenylation signal. 
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Fusion of PGK promoter to El genes (Fig. D 

in order to replace the El sequences of Ad5 (ITR, 
origin of replication and packaging signal) by 
5 heterologous sequences we have amplified El sequences 

(nt.459 to nt. 960) of Ad5 by PCR, using primers Eal and 
Ea2 ( see Table I ) . The resulting PCR product was digested 
with Clal and ligated into Bluescript (Stratagene) , 
predigested with Clal and EcoRV, resulting in construct 

10 pBS . PCRI . 

Vector P TN was digested with restriction enzymes 

EcoRI (partially) and Seal, and the DNA fragment 
containing the PGK promoter sequences was ligated into 
PBS. PCRI digested with Seal and EcoRI. The resulting 
15 construct PBS. PGK. PCRI contains the human PGK promoter 

operatives linked to Ad5 El sequences from nt.459 to nt. 

916. 
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Construction of pIG . E1A. E1B • X (Fig. 2) 

pIG.ElA.ElB.X was made by replacing the Scal-BspEI 
fragment of pAT-X/S by the corresponding fragment from 
PBS . PGK. PCRI (containing the PGK promoter linked to E1A 
seauences ) . 

25 ' pIG.ElA.ElB.X contains the E1A and E1B coding 
seauences under the direction of the PGK promoter. 

As Ad5 sequences from nt.459 to nt. 5788 are present 
in this construct, also pIX protein of adenovirus is 
encoded by this plasmid. 
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Construction of pIG.ElA.NEO (Fig. 3) 



in order to introduce the complete E1B promoter and 
to fuse this promoter in such a way that the AUG codon of 
35 E1B 21 kD exactly functions as the AUG codon of NEO*, we 
amolified the E1B promoter using primers Ea3 and Ep2, 
where primer Ep2 introduces an Ncol site in the PCR 
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fragment. The resulting PCR fragment, named PCRII, was 
digested with Hpal and Ncol and ligated into pAT-X/S, 
which was predigested with Hpal and with Ncol. The 
resulting plasmid was designated pAT-X/S-PCR2 . The Ncol 
5 StuI fragment of pTN, containing the NEO gene and part of 
the Hepatitis B Virus (HBV) poly- adenylation "signal , was 
cloned into pAT-X/S-PCR2 (digested with Ncol and Nrul) . 
The resulting construct: pAT-PCR2-NEO. The poly- 
adenylation signal was completed by replacing the Seal- 

10 Sail fragment of pAT-PCR2-NEO by the corresponding 

fragment of pTN (resulting in pAT . PCR2 .NEO . p(A) ) . The Seal 
- Xbal of pAT . PCR2 . NEO . p (A) was replaced by the 
. corresponding fragment of pIG . E1A. E1B-X, containing the 
PGK promoter linked to E1A genes. 

15 The resulting construct was named pIG.ElA.NEO, and 

thus contains Ad5 El sequences (nt.4 59 to nt 1713) under 
the control of the human PGK promoter. 

Construction of pIG.EIA.ElB (Fig. 4) 

20 

pIG.EIA.ElB was made by amplifying the sequences 
encoding the N-terminal amino acids of E1B 55kd using 
primers Ebl and Eb2 (introduces a Xhol site). The 
resulting PCR fragment was digested with Bglll and cloned 

25 into Bglll/Nrul of pAT-X/S, thereby obtaining pAT-PCR3. 

pIG.EIA.ElB was constructed by introducing the HBV 
poly (A) sequences of pIG.ElA.NEO downstream of E1B 
sequences of pAT-PCR3 by exchange of Xbal - Sail fragment 
of plg.ElA.NEO and the Xbal Xhol fragment of pAT.PCR3. 

30 pIG.EIA.ElB contains nt.-459 to nt. 3510 of Ad5 , that 

encode the E1A and E1B proteins. The E1B sequences are 
terminated at the splice acceptor at nt.3511. No pIX 
sequences are present in this construct. 
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Construction of pIG.NEO (Fig. 5) 

pIG.NEO was generated by cloning the Hpal - Seal 
fragment of pIG.ElA.NEO, containing the NEO gene under the 
5 control of the Ad. 5 E1B promoter, into P BS digested with 

EcoRV and Seal . 

This construct is of use when established cells are 
transfected with E1A.E1B constructs and NEO selection is 
required. Because NEO expression is directed by the E1B 
10 promoter, NEO resistant cells are expected to co-express- 
ElA, which also is advantageous for maintaining high 
levels of expression of ElA during long-term culture or 
the cells. 

15 Testing of constructs . 

The intearity of the constructs pIG.ElA.NEO, 
pIG.ElA.ElB.x'and P IG.E1A.E1B was assessed by restriction 
enzvme manping; furthermore, parts of the constructs that 
• 2 0 were obtained by PGR analysis were confirmed by sequence 

~ fho nnrleotide seauence were 
analysis. No cnanges xn the nucxeotxu 

found. „ 
The constructs were transfected into primary BRK 

(B abv Rat Kidney) cells and tested for their ability to 
25 immortalize (pIG.ElA.NEO) or fully transform 

(pA d5.XhoIC,pIG.ElA.ElB.X and pI6.BlA.ElB) tnese cells. 

Kidnevs of 6-day old WAG-Rij rats were isolated, 
homogenized and trypsinized. Subconfluent dishes (diameter 
5 cm) of the BRK cell cultures were transxected with 1 or 

V rr «™ oTG ElA NEO, pIG.ElA.ElB. pIG . ElA. E1B . X , 
30 5 ng of pIG.NEO, pIG.ElA.NtU, p 

n T r via NEO together with PDC2t> 
P Ad5XhoIC, or with P IG.ElA.wt,u 

(Van der Elsen et al . , 1983), carrying .he Ad 5 E1B gene 
under control of the SV40 early promoter. Three weeks 
post-transfection, when foci were visible, the dishes were 
35 fixed, Giemsa stained and the foci countea. 

An overview of the generated adenovirus packaging 
constructs, and their ability to transform BRK, is 
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presented in Fig. 6. The results indicate "hat the 
constructs pIG.ElA.ElB and pIG.ElA.ElB.X are able to 
transform BRK cells in. a dose-dependent manner. The 
efficiency of transformation is similar for both 
5 constructs and is comparable to what was fcund with the 
construct that was used to make 911 cells, namely 
pAdS.XhoIC. 

As expected, pIG.ElA.NEO was hardly able to 
immortalize BRK. However , co- trans fee tioo cf an E1B 
10 expression construct (PDC26) did result in a significant 
' increase of the number of transf ormants (18 versus 1), 
indicating that E1A encoded by pIG.ElA.NEO is functional. 

We conclude therefore, that the newly generated 
packaging constructs are suited for the generation of new 
15 adenovirus packaging lines. 

Generation of cell lines with new packaging 
constructs Cell lines and cell culture 

20 Human A54 9 bronchial carcinoma cells {Shapiro et al . 

1978), human embryonic retinoblasts (HER), Ad5-El- 
transfor-med human embryonic kidney (HEK) cells (293; 
Graham et al., 1977) cells and Ad5- transformed" HER cells 
(911;. Fallaux et al, 1996)) and PER cells were grown in 

25 Dulbecco's Modified Eagle Medium (DMEM) supplemented with 
• 10% Fetal Calf Serum (FCS) and antibiotics in a 5% C02 
atmosphere at 37°C, Cell culture media, reagents and sera 

were purchased from Gibco Laboratories (Grand Island, NY) 
Culture plastics were purchased from Greiner (Nurtingen, 
30 Germany) and Corning (Corning, NY) . 

Viruses and virus techniques 

The construction of adenoviral vectors 
35. IG.Ad.MLP.nls.lacZ, IG . Ad .MLP . luc , IG.Ad.MLP.TK and ' 

IG.'Ad.CMV.TK is described in detail in patent application 
EP 95202213. . 
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The recombinant adenoviral vector IG.Ad.MLP.nls .lacZ 
contains the E.coli iacZ gene, encoding 0-galactosidase, 
under control of the Ad2 major late promoter 
( MLP).IG.Ad.MLP.luc contains the firefly luciferase gene 
5 driven by the Ad2 MLP . Adenoviral vectors IG.Ad.MLP.TK and 
IG.Ad.CMV.TK contain the Herpes Simplex Virus thymidine 
kinase (TK) gene under the control of the Ad2 MLP and the 
Cytomegalovirus (CMV) enhancer/promoter, respectively. 

10 Transfections 

All transfections were performed by calcium-phosphate 
orecipitation DNA (Graham and Van der Eb, 1973) with the 
GIBCO Calcium Phosphate Translation System (GI3C0 BRL 
Life Technologies Inc., Gaithersburg, USA), according to 
the manufacturers protocol. 
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Western blotting 
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Subconfluent cultures of exponentially growing 
293,911 and Ad5- El -trans formed A549 and PER cells were 
washed with PBS and scraped in Fos-RIPA buffer (10 mM Tns 
, P H 7,5), 150 mM Had. 1% NP40,01% sodium dodecyi sulphate 
,SDS). 1% NA-DOC, 0.5 mM phenyl methyl sulphonyl fluoride 
)pMSF), 0,5 mM trypsin inhibitor, 50 mM NaF and 1 mM 
sodium vanadate). After 10 min. at room temperature, 
ivsates were cleared by centrif ugation . Protein 
concentrations were measured with the Biorad protein assay 
kit, and 25 ng total cellular protein was loaded on a 
^2 5% SDS-PAA gel. After electrophoresis, proteins were 
transferred to nitrocellulose (lh at 300 mA) . Prestained 
standards (Sigma, USA) were run in parallel. Alters -re 
blocked with 1% bovine serum albumin (BSA) in TEST (10 mM 
-ris. P H 8. 15 mM Had, and 0.05% Tween-20) for 1 hour, 
-irst antibodies were the mouse monoclonal anti-Ad5-ElB- 
55-kDA antibody A1C6 (Zantema et al., unpublished), the 
.at monoclonal anti-Ad5-ElB-221-kDa antibody C1G11 
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(Zantema et al., 1985). The second antibody was a 
horseradish peroxidase- labeled goat anti-mouse antibody 
(Promega). Signals were visualized by enhanced 
chemoluminescence (Amersham Corp, UK). 

5 ' 

Southern blot analysis 

High molecular weight DNA was isolated and 10 \iq was 
digested to completion and fractionated Qn a 0.7% agarose 
gel. Southern blot transfer to Hybond N+ (Amersham, UK) 
was performed with a 0.4 M NAOH, 0.6 M NaCl transfer 
solution (Church and Gilbert, 1984). Hybridization was 
performed with a 2463-nt Sspl-Hindlll fragment from 
pAd5.SalB (Bernards et al., 1983). This fragment consists 
of Ad5 bp. 342-2805. The fragment was radiolabeled with 
a- 32 P-dCTP with the use of random hexanucleotide primers 
and Klenow DNA polymerase. The southern blots were exposed 
to a Kodak XAR-5 film at -80°C and to a Phospho- Imager 

screen which was analyzed by B&L systems Molecular 
20 Dynamics software. 

A549 

Ad5- El -trans formed A549 human bronchial carcinoma 
25 cell lines were generated by transfection with pIG.ElA.NEO 
and selection for G418 resistance. Thirty-one G418 
resistant clones were established. Co- transfection of 
pIG.ElA.ElB with pIG . NEO yielded seven G418 resistant ceil 
lines. 
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PER 



Ad5-El-transformed human embryonic retina (HER) cells 
were generated by transfection of primery HER cells with 
35 plasmid pIG.ElA.ElB. Transformed cell lines were 

established from well-separated foci. We were able to 
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establish seven clonal cell lines, which we called PER.C1, 
PER.C3, PER.C4 , PER. C5 , PER.C6, PER. C8 and PER.C9 • 

One of the PER clones, namely PER.C6 , has been 
deposited at the ECACC under number 96022940. 

5 ~* F.1A and E1B genes in transformed 

Expression of Ad5 ElA ana y 

A54 9 and PER cells 

Expression of the Ad5 E1A and the 55-kDa and 21 kDa 
10 E1B proteins in the established A549 and PER cells was 
studied bv means of Western blotting, with the use of 
monoclonal antibodies (mAb) . Mab M73 recognizes the E1A 
products, whereas Mabls AIC6 and C1G11 are directed 
against the 55-kDa and 21 kDa E1B proteins, respectively. 
' 15 The antibodies did not recognize proteins in extracts 

from the oarental A549 or the primary HER cells (data not 
shown). None of the A549 clones that were generated by 
co-transfection of pIG.NEO and pIG.ElA.ElB expressed 
detectable levels of E1A or E1B proteins (not shown). Some 
20 of the A549 clones that were generated by transfection 

with pIG.ElA.NEO expressed the Ad5 E1A proteins (Pig. 7), 
but the ] eveis were much lower than -.hose detected m 
protein Ivsates from 293 cells. The steady state E1A 
levels deuced in protein extracts from PER cells were 
25 much higher ".nan those detected in extracts from 

derived ceils. All PER cell lines expressed similar levels 
of E1A proteins (Fig. 7). The expression of the E1B 
proteins, particularly in the case of E1B 55 kDa was mote 
variable. Compared to 911 and 293, the majority of the PER 

k^v, ipvPls of E1B 55 kDa and 21 kDa. The 
30 clones express high levels or tie 

steadv state level of BIB 21 kDa was the highest in 
PER.C3 . None of the PER clones lost expression of the Ado 
El genes uoon serial passage of the cells (not shown) . 
We found that the level of El expression in PER cells 
35 remained stable for at least 100 population doublings. 

we decided to characterize the PER clones in more detail . 
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Southern analysis of PER clones 

. To study the arrangement of the Ad5-El encoding 
sequences in the PER clones we performed Southern 
5 analyses.. Cellular DNA was extracted from all PER clones, 
and from 293 and 911 cells. The DNA was digested with 
Hindlll, which cuts once in the Ad5 El region. Southern 
hybridization on Hindlll-digested DNA, using a 
radiolabeled Ad5- El -specific probe revealed zhe presence 

10 of several integrated copies of pIG.ElA.ElB in the genome 
of the PER clones. Figure 8 shows the distribution pattern 
of El sequences in the high molecular weight: DNA. of the 
different PER cell lines. The copies are concentrated in a 
single band, which suggests that they are ir.-egrated as 

15 tandem repeats. In the case of PER . C3 , C5, Co and C9 we 

found additional hybridizing bands of low molecular weight 
that indicate the presence of truncated copies of 
pIG.ElA.ElB. The number of copies was determined with the 
use of a Phospho- Imager . We estimated that PER. CI, C3, C4 , 

20 C5, CS, C8 and C9 contain 2, 88, 5,4, 5, 5 and 3 copies of 
the Ad5 El coding region, respectively, and that 911 and 
293 ceils contain 1 and 4 copies of the Ad5.Il sequences, 
respectively. 

25 Transfection efficiency 

Recombinant adenovectors are generated by co- 
transfection of adaptor plasmids and the large Clal 
fragment of Ad5 into 293 cells (gee patent application 

30 EP 952C2213). The recombinant virus DNA is formed by 
■ homologous recombination between the homologous viral 
sequences that are present in the plasmid and the 
adenovirus DNA. The efficacy of this method* as well as 
that cf alternative strategies, is highly dependent on the 

35 transf ectability of the helper cells. Therefore, we 
compared the transfection efficiencies of some of the 
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PER clones with 911 cells, using the E.coli 
B-galactosidase-encoding lacZ gene as a reporter (Fig. 9). 

Production of recombinant adenovirus 

5 

Yields of recombinant adenovirus obtained arter 
inoculation of 293, 911, PER.C3, PER. C5 and PER.C6 with 
different adenovirus vectors are presented in Tabie II . 

The results indicate that the yields obtained on PER 
10 cells are at least as high as those obtained on the 

existing cell lines. 

in addition, the yields of the novel adenovirus 
vector IG.Ad.MLPI.TK are similar or higher than the yields 
obtained for the other viral vectors on all cell Hues 
15 tested . 

Generation of new adenovirus vectors (Fig. 10). 

The used recombinant adenovirus vectors (see patent 
20 application on EP 95202213) are deleted for El sequences 

from 459 to nt. 3328. 

As construct pElA.ElB contains Ad5 sequences 459 to 
nt 3510 there is a sequence overlap of 183 nt. between 
E1B sequences in the packaging construct pIG.ElA.ElB and 
25 recombinant adenoviruses, such as e.g. IG.Ad.MLP.TK. The 
overlapping sequences were deleted from the new adenovirus 
vectors. In addition, non-coding sequences derived from 
lacZ, that are present in the original contructs, were 
deleted as well. This was achieved (see Fig. 10) by PGR 
30 amolification of the SV40 poly(A) sequences from pMLP .TK 
using primers SV40-1 (introduces a BamHI site) and SV40-2 
(introduces a Bglll site). In addition, Ad5 sequences 
oresent in this construct were amplified from nt 2496 
' (Ad 5, introduces a Bglll site) to nt. 2779 (Ad5-2). Both 
35 PGR fragments were digested with Bglll and were ligatea. 
T he ligation product was PGR amplified using primers 
SV40-1 and Ad5-2. The PGR product obtained was cut with 
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BamHI and Aflll and was ligated into pMLP.TK predigested 
with the same enzymes.. The resulting construct, named 
pMLPI.TK, contains a deletion in adenovirus El sequences 
from nt 459 to nt. 3510. 

5 

Packaging system 

The combination of the new packaging" construct 
pIG.ElA.ElB and the recombinant adenovirus pMLPI.TK, 

10 which do not have any sequence overlap, are presented in 
Fig. 11. in this figure, also the original situation is 
presented, where the sequence overlap is indicated. 

The absence of overlapping sequences between 
pIG.ElA.ElB and pMLPI.TK (Fig. 11a) excludes the 

15 possibility of homologous, recombination between packaging 
construct and recombinant virus, and is therefore a 
significant improvement for production of recombinant 
adenovirus as compared to the original situation. 

In Fig. lib the situation is depicted for pIG.ElA.NEO 

20 and IG.Ad.MLPI .TK. pIG.ElA. NEO when transfected into 

established cells, is expected to be sufficient to support 
propagation of El -deleted recombinant adenovirus. This 
combination does not have any sequence overlap, preventing 
generation of RCA by homologous recombination. In 

25 addition, this convenient packaging system allows the 

propagation of recombinant adenoviruses that are deleted 
just for E1A sequences and not for E1B sequences. 
Recombinant adenoviruses expressing E1B in the absence of 
E1A are attractive, as the E1B protein , in particular E1B 

30 19kD, is able to prevent infected human cells from lysis 
by Tumor Necrosis Factor (TNF) (Gooding et al., 1991). 

Generation of recombinant adenovirus derived from 
pMLPI.TK. 

35 ' 

Recombinant adenovirus was generated by co- ' 
transfection of 293 cells with Sail linearized pMLPI.TK 
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DNA and Clal linearized Ad5 wt DNA. The procedure is 
schematically represented in Fig. 12. 

Outline of the strategy to generate packaging 
5 systems for minimal adenovirus vector 

Name convention of the plasmids used: 
p plasmid 

10 I ITR (Adenovirus Inverted Terminal Repeat) 

C cytomegalovirus (CMV) Enhancer/Promoter Combmatxon 
L Firefly Lucif erase Coding Sequence hachaw Potential 
hairpin that can be formed after digestion with 
restriction endonuclease As P 718 in its correct and xn the. 

15 reverse orientation, respectively (Fig. 15). 

Eg piCLhaw is a plasmid that contains the adenovirus 
ITR followed bv the CMV-driven luciferase gene and the 
Asp718 hairpin in the reverse (non- functional) 
20 orientation. 

1 i Demonstration of the competence of a synthetic 

DNA sequence, that is capable of forming a haxrpxn- 
structure, to serve as a primer for reverse strand 
25 synthesis for the generation of double- s tranced DNA 

molecules in cells that contain and express adenovirus 

Tabids pICLhac, piCLhaw, pICLI and pICL were 
using standard techniques. The schematic representation or 
30 these oiasmids is shown in Figs. 16-19. 

Plasmid PICL is derived from the following plasmxds: 
nt i - 457 pMLPIO (Levrero et al., 1991) 
nt '458 - 1218 pCMVB (Clontech, EMBL Bank No. U02451) 
nt.1219 - 3016 pMLP.luc (IntroGene, unpublished) 
n t.3017 - 5620 pBLCATS (Stein and Whelan, 1989) 
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The plasmid has been constructed as follows: 

The tet gene of plasmid pMLPIO has been inactivated 
by deletion of the BamHI-Sall fragment., to generate 
5 pMLPlOASB. Using primer set PCR/MLP1 and PCR/MLP3 a 210 bp 
fragment containing the Ad5 -ITR, flanked by a synthetic 
Sail restriction site was amplified using pMLPIO DNA as 
the template. The PCR product was digested with the 
enzymes EcoRI. and SgrAI to generate a 196 bp. fragment. 

10 Plasmid pMLPlOASB was digested with EcoRI and SgrAI to 
remove the ITR. This fragment was replaced by the EcoRI - 
SgrAI -treated PCR fragment to generate pMLP/SAL. 
Plasmid pCMV-Luc was digested with PvuII to completion and 
recirculated to remove the SV4 0- derived poiy-adenylation 

15 signal and Ad5 sequences with exception of the Ad5 

left- terminus . In the resulting plasmid, pCMV-lucAAd, the 

Ad5 ITR was replaced by the Sal-site-flanked ITR from 
plasmid pMLP/SAL by exchanging the Xmnl-SacII fragments. 
The resulting plasmid, pCMV- lucAAd/SAL, the Ad5 left 
20 terminus and the CMV-driven luciferase gene were isolated 
as an Sall-Smal fragment and inserted in the Sail- and Hpal 
digested plasmid pBLCATS , to form plasmid pICL. Plasmid 
pICL is represented in Fig 19; its sequence is presented 
in Fig. 20. 
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Plasmid pICL contains the following features: 



nt. 1-457 Ad5 left terminus (Sequence 1-457 of 

human adenovirus type 5) 
30 nt. 458-969 Human cytomegalovirus enhancer- and 

immediate 

early promoter (Boshart et al., 1985) (from plasmid pCMVp, 

• Clontech, Palo Alto, USA) 
nt. 970-1204 SV40 19S exon and truncated 16/19S intron 
35 (from plasmid pCMV[3) 

nt. 1218-2987 Firefly luciferase gene (from pMLP.luc) 
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nr 3018-3131 SV40 tandem poly-adenylation signals from 

late transcript, derived from piasmid 
pBLCATS ) 

nr. 3132-5620 pUC12 backbone (derived from piasmid 

pBLCAT5 ) 

nt. 4337-5191 B-lactamase gene (Amp-resistence gene, 

reverse orientation) 

Piasmid pICLhac and pICLhaw 

Plasmids pICLhac and pICLhaw were derived from 
pl asmid piCL by digestion of the latter piasmid with the 
restriction enzyme Asp718. The linearizeo plasmia ~s 
treated with Calf -Intestine Alkaline Phosphatase » remove 

i the 51 phoshate groups. The partially complementary 
svnthetic single- stranded oligonucleotide Hp/aspl en 
Hp/as P 2 were annealed and phosphorylated on their 5 ends 
usina T4-polvnucleotide kinase. 

The pLsporylated double-stranded olif--^^ 

D with the dephosporylated P ICL fragment and igated^ Clones 
containing a single copy of the synthetic oligonucleotide 
"serted into the piasmid were isolated and characterized 

^ing restriction enzyme ^J^^J]^ 
oligonucleotide inro the Asp718 sire will J 
, 5 .-create an Asp718 recognition site, whereas at the other 
' "unction the recognitions ite will be disrupted, .he 
orientation and the integrity of the insertea 
oligonucleotide was verified in selected clones by 

! .nalvses A clone containing the oligonucleotiae 
seauence analyses, a uuuc 
30 in "the correct orientation (the As P 718 site close to the 
3205 EcoRI site) was denoted pICLhac. A clon* . with th 
oligonucleotide in the reverse orientation (the 
sire close to the SV40 derived poly signal) was aesignated 
pICLhaw. Plasmids pICLhac and pICLhaw are represented m 

35 Figs. 16 and 17. 

Piasmid PICLI was created from piasmid pICL by 
.nsertion of the Sall-SgrAI fragment from pICL, containing 
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the Ad5-ITR into the Asp718 site of pICL. The 194 bp Sail- 
SgrAI fragment was isolated from pICL, and the cohesive 
ends were converted to blunt ends using E.coli DNA 
polymerase I (Klenow fragment) and dNTP ' s . The Asp718 
5 cohesive ends were converted to blunt ends by treatment 
with mungbean nuclease. By ligation clones were generated 
that contain the ITR in the Asp718 site of plasmid pICL. 
A clone that contained the ITR fragment in the correct 
orientation was designated pICLI (Fig. 18). 

10 Generation of adenovirus Ad-CMV-hcTK. Recombinant 
adenovirus was constructed according to the method 
described in Patent application 95202213. Two components 
are required to generate a recombinant adenovirus. First, 
an adaptor-plasmid containing the left terminus of the 

15 adenovirus genome containing the ITR and the packaging 

signal, an expression cassette with the gene of interest, 
and a portion of the adenovirus genome which can be used 
for homologous recombination. In addition, adenovirus DNA 
is needed for recombination with the aforementioned 

20 adaptor plasmid. In the case of Ad-CMV-hcTK, the plasmid 
PCMV.TK was used as a basis. This plasmid contains 
nt. 1-4 55 of the adenovirus type 5 genome, nt. 4 56-1204 
derived from pCMV(3 (Clontech, the Pstl-StuI fragment that 
. contains the CMV enhancer promoter and the 16S/19S intron 

25 from Simian Virus 40), the Herpes Simplex Virus thymidine 
kinase gene (described in Patent application 95202213), 
the SV40-derived polyadenylation signal (nt. 2533-2668 of 
the SV40 sequence), followed by the Bglll-Scal fragment of 
Ad5 (nt. 3328-6092 of the Ad5 .sequence) . These fragments 

30 are present in a pMLPIO- derived (Levrero et al . , 1991) 
backbone. To generate plasmid pAD-CMVhc-TK, plasmid 
pCMV.TK was digested with Clal (the unique Clal-site is 
located just upstream of the TK open readingf rame) and 
dephosphorylated with Calf - Intestine Alkaline Phosphate. 

35 To generate a hairpin -structure, the synthetic 

oligonucleotides HP/cla2 and HP/cla2 were annealed and 
phopsphorylated on their 5 1 -OH groups with T4- 
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polynucleotide kinase and ATP . The double- stranded 
oligonucleotide was ligated with the linearized vector 
fragment and used to transform E.coli strain "Sure 
insetion of the oligonucleotide into the Clal site will 
5 disrupt the Clal recognition sites . In the oligonucleotide 
contains a new Clal site near one of its termini. In 
selected clones, the orientation and the inegrity of the 
inserted oligonucleotide was verified by.sequence 
analvses . A clone containing the oligonucleotide in the 
10 correct orientation (the Clal site at the IT* side) was 

denoted pAd-CMV-hcTK . This plasmid was co-transf ected with 
Clal diaested wild-type Adenovirus -typeS DNA into 911 
cells \ recombinant adenovirus in which the CMV-hcTK 
expression cassette replaces the El sequences was isolated 
15 and propagated using standard procedures. 

To study whether the hairpin can be used as a primer 
■ for reverse strand synthesis on the displaced strand after 
replication had started at the ITR. the plasmid pICLhac is 
introduced into 911 cells (human embryonic retinoblasts 
20 transformed with the adenovirus El region) . The plasmid 
pICLhaw serves as a control , which contains the 
oligonucleotide pair HP/asp 1 and 2 in the reverse 
orientation but is further completely identical to plasmid 
pICLhac. Also included in these studies are plasmids pICLI 
25 and pICL. In the plasmid pICLI the hairpin is replaced by 
an adenovirus ITR. Plasmid pICL contains neither a hairpin 
nor an ITR sequence. These plasmids serve as controls to 
determine the efficiency of replication by virtue of the 
terminal-hairpin structure. To provide the viral prooucts 
30 other than the El proteins (these are produced by the 911 
cells) required for DNA replication the cultures are 
infected with the virus IG . Ad.MLPI .TK after transf ection . 
Several parameters are being studied to demonstrate proper 
replication of the transfected DNA molecules. First, DNA 
35 extracted from the cell cultures transfected with 

aforementioned plasmids and infected with IG. Ad.MLPI .TK 
virus is being analyzed by Southern blotting for the 
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presence of the expected replication intermediates, as 
well as for the presence of the duplicated genomes. 
Furthermore, from the transfected and IG.Ad.MLPI.TK 
infected cell populations virus is isolated, that is 
5 capable to transfer and express a luciferase marker gene 
into luciferase negative cells. 

Plasmid DNA of plasmids pICLhac, pICLhaw, pICLI and' 
pICL have been digested with restriction endonuclease Sail 
and treated with mungbean nuclease to remove the 4 

10 nucleotide single-stranded extension of the resulting DNA 
fragment. In this manner a natural adenovirus 5 1 ITR 
terminus on the DNA fragment is created. Subsequently, 
both the pICLhac and pICLhaw plasmids were digested with 
restriction endonuclease Asp718 to generate the terminus 

15 capable of forming a hairpin structure. The digested 

plasmids are introduced into 911 cells, using the standard 
calcium phosphate co-precipitation technique, four dishes . 
for each plasmid. During the. transf ection, for each 
plasmid two of the cultures are infected with the 

20 IG.Ad.MLPI.TK virus using 5 infectious IG.Ad.MLPI.TK 

particles per cell. At twenty-hours post-transf ection and . 
fort hours post-transf ection one Ad. tk- virus -infected and 
one uninfected culture are used to isolate small 
molecular -weight DNA using the procedure devised by Hirt. 

25 Aliquots of isolated DNA are used for Southern analysis. 
After digestion of the samples with restriction 
endonuclease EcoRI using the luciferase gene as a probe a 
hybridizing fragment of approx. 2 . 6kb is detected only in 
the samples from the adenovirus infected ceils transfected 

30 with plasmid pICLhac. The size of this fragment is 
consistent with the anticipated duplication of the 
luciferase marker gene. This supports the conclusions that 
the inserted hairpin is capable to serve as a primer for 
reverse strand synthesis. The hybridizing fragment is 

35 absent if the IG.Ad.MLPI .TK virus is omitted, or if the 
hairpin oligonucleotide has been inserted in the reverse 
orientation . 



PCI7NL96/00244 

WO 97/00326 

40 

The restriction endonuclease Dpnl recognizes the 
tetranucleotide sequence 5-GMC-3', but cleaves only 
methylated DNA, (that is, only (plasmid) DNA propagated 
in, and derived, from E.coli, not DNA that has been 

5 replicated in mammalian cells ) . The restriction 

endonuclease Mbol recognizes the same sequences, but 
cleaves only unmethylated DNA (viz. DNA propagated in 
mammalian cells). DNA samples isolated from the 
transfected cells are incubated with Mbol and Dpnl and 

10 analvsed with Southern blots . These results demonstrate 
that onlv in the cells transfected with the pICLhac and 
the pICLI plasmids large Dpnl -resistant fragments are 
oresent, that are absent in the Mbol treated samples. 
These data demonstrate that only after transfection of 

15 plasmids pICLI and pICLhac replication and duplication of 

the fragments occur. 

These data demonstrate that in -adenovirus -infectea 
cells linear DNA fragments that have on one terminus an 
adenovirus -derived inverted terminal repeat (MR) and at 

20 the other terminus a nucleotide sequence that can anneal 
to seauences on the same strand, when present in sxngle- 
stranded form thereby generate a hairpin structure , and 
will be converted to structures that have inverted 
terminal repeat sequences on both ends . The resulting DNA 

25 molecules will replicate by the same mechanism as the wild 
type adenovirus genomes . 

i 2 Demonstration that the DNA molecules that 

contain a luciferase marker gene, a single copy of the 

30 MR, the encapsidation signal and a synthetic DNA 

seouence, that is capable of forming a hairpin structure, 
are sufficient to generate DNA molecules that can be 
=ncaosidated into virions. 

' To demonstrate that the above DNA molecules 

35 containing two copies of the CMV-luc marker gene can be 
encansidated into virions, virus is harvested from the 
^emainina two cultures via three cycles of freeze- thaw 
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crushing and is used to infect murine. fibroblasts . Forty- 
eight hours after infection the infected cells are assayed 
for lucif erase activity. To exclude the possibility that 
the luciferase activity has been induced by transfer of 
5 free DNA, rather than via virus particles, virus stocks 
are treated with DNasel to remove DNA contaminants. 
Furthermore, as an additional control, aliquots of the 
. virus stocks are incubated for 60 minutes at 56°C. The heat 

treatment will hot affect the contaminating DNA, but will 

10 inactivate the viruses. Significant luciferase activity is 
only found in the cells' after infection with the virus 
stocks derived from IG. Ad. MLPI.TK- infected cells 
transfected with the pICLhc and pICLI plasmids . Neither in 
the non- infected cells, nor in the infected cells 

15 transfected with the pICLhw and pICL significant 
luciferase activity can be demonstrated. Heat 
inactivation, but not DNasel treatment, completely 
eliminates luciferase expression, demonstrating that 
adenovirus particles, and not free (contaminating) DNA 

20 fragments are responsible for transfer of the luciferase 
reporter gene . 

These results demonstrate that these small viral 
genomes can be encapsidated into adenovirus particles and 
suggest that the ITR and the encapsidation signal are 

25 sufficient for encapsidation of linear DNA fragments into 
adenovirus particles . These adenovirus particles can be 
used for efficient gene transfer. When introduced into 
cells that contain and express at least part of the 
adenovirus genes (viz. El, E2, E4 , and L, and VA), 

30 recombinant DNA molecules that consist of at least one 

ITR, at least part of the encapsidation signal as well as 
. a synthetic DNA sequence, that is capable of forming a 
hairpin structure, have the intrinsic capacity to 
autonomously generate recombinant genomes which can be 

25 encapsidated into virions. Such genomes and vector system 
can be used for gene transfer. 
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1 3 Demonstration that DNA molecules which contain 

nucleotides 3510 - 35953 (viz. 9.7-100 map units) of the 
adenovirus type 5 genome (thus lack the El protein-codxng 
regions, the right-hand ITR and the encapsidation 
5 sequences) and a terminal DNA sequence that is 

complementary to a portion of the same strand of the DNA 
molecule when present in single- stranded form other than 
the ITR, and as a result is capable of forming a hairpin 
structure, can replicate in 911 cells. 
10 in order to develop a replicating DNA molecule that 

can provide the adenovirus products required to allow the 
above mentioned ICLhac vector genome and alike minimal 
adenovectors to be encapsidated into adenovirus particles 
by heloer cells, the Ad-CMV-hcTK adenoviral vector has 
15 been developed. Between the CMV enhancer/promoter region 
and the thvmidine kinase gene the annealed oligonucleotide 
pair HP/cla 1 and 2 is inserted. The vector Ad-CMV-hcTK 
can be propagated and produced in 911 cell using standard 
procedures. This vector is grown and propagated 
20 exclusivelv as a source of DNA used for transfection . DNA 
of the adenovirus Ad-CMV-hcTK is isolated from virus 
particles that had been purified using CsCl density- 
gradient centrif ugation by standard techniques . The virus 
DNA has been digested with restriction endonuclease Clal. 
25 The diaested DNA is size-fractionated on an 0.7% agarose 
gel and the large fragment is isolated and used for 
further experiments. Cultures of 911 cells are transfected 
larae Clal-f ragment of the Ad-CMV-hcTK DNA using the 
standard calcium phosphate co- precipitation technique. 
30 Much like in the previous experiments with plasmid 

pICLhac. the AD-CMV-hc will replicate starting at the 
right-hand ITR. Once the 1-strand is displaced, a hairpin 
can be formed at the left-hand terminus of the fragment. 
Th^s facilitates the DNA polymerase to elongate the chain 
35 towards the right - hand - s ide . The process will proceed 

until the displaced strand is completely converted to its 
double-stranded form. Finally, the right-hand ITR will be 
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recreated, and in this location the normal adenovirus 
replication- initiation and elongation will occur. Note 
" that the polymerase will read through the hairpin, thereby 
duplicating the molecule. The input DNA molecule of 33250 
5 bp, that had on one side an adenovirus ITR sequence and at 
the other side a DNA sequence that had the capacity to 
form a hairpin structure, has now been duplicated, in a 
way that both ends contain an ITR sequence. The resulting 
DNA molecule will consist of a palindromic structure, of 
. 10 approximately 66500 bp. 

This structure can be detected in lew-molecular 
weight DNA extracted from the transfected cells using 
Southern analysis. The palindromic nature of the DNA 
fragment can be demonstrated by digestion of the low- 

15 molecular weight DNA with suitable restriction 

endonucieases and Southern blotting with the HSV-TK gene 
as the probe. This molecule can replicate itself in the 
transfected cells by virtue of the adenovirus gene 
products that are present in the ceils. In part, the 

20 adenovirus genes are expressed from templates that are 

integrated in the genome of the target ceils (viz. the El 
gene products), the other genes reside in the replicating. 
. DNA fragment itself. Note however, that this linear DNA 
fragment cannot be encapsidated into virions. Not only 

25 does it lack all the DNA sequences required for 

encapsidation , but also is its size much too large to be 
endapsidated . 

1.4 Demonstration that DNA molecules which contain 

nucleotides 3503 - 35953 (viz. 9.7 - 1.00 map units) of the 

30 adenovirus type 5 genome (thus lack the El protein-coding 
regions, the right-hand ITR and the encapsidation 
sequences ) and a terminal DNA sequence that is 
complementary to a portion the same strand of the DNA 
molecule other than the ITR, and as a result is capable of 

35 forming a hairpin structure, can replicate in 911 cells 
. and can provide the helper functions required to 

encapsidate the pICLI and pICLhac derived DNA fragments. 
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The next series of experiments aim to demonstrate 
that the DNA molecule described in part 1.3 could be used 
to encapsidate the minimal adenovectors described in part 
1 . 1 and 1.2. 

5 in the experiments the large fragment isolated after 

endonuclease Clal- digestion of Ad-CMV-hcTK DNA is 
introduced into 911 cells (conform the experiments 
. described in part 1.3) together with endonuclease Sail, 
mungbean nuclease, endonuclease As P 7 18 -treated plasmid 
10 oICLhac, or as a control similarly treated plasmid 

pICLhaw. After 48 hcurs virus is isolated by freeze-thaw 
crushing of the transfected cell population. The virus - 
orenaration is treated with DNasel to remove contaminating 
free DNA. The virus is used subsequently to infect Rat2 
15 fibroblasts. Forty-eight hours post infection the cells 
are assayed for lucif erase activity. Only in the cells 
infected with virus isolated from the cells transfected 
with the pICLhac plasmid, and not with the pICLhaw 
plasmid, significant luciferase activity can be 
20 demonstrated. Heatinactivation of the virus prior to 

infection completely abolishes the luciferase activity, 
indicating that the luciferase gene is transferred by a 
viral particle. Infection of 911 cell with the virus stock 
did not result in any cytopathological effects, 
25 demonstrating that the pICLhac is produced without any 
infectious helper virus that can be propagated on 911 
cells . These results demonstrate that the proposed method 
-an be used to produce stocks of minimal -adenoviral 
vectors, that are completely devoid of infectious helper 
30 "< ruses that are able to replicate autonomously on 

adenovirus -transformed human cells or on non- adenovirus 

transformed human cells. 

Besides the system described in this application, 
mother approach for the generation of minimal adenovirus 
35 vectors has been disclosed in WO 94/12649. The method 
desc-ibed in WO 94/12649 exploits the function of the 
orotein IX for the packaging of minimal adenovirus vectors 
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(Pseudo Adenoviral Vectors (PAV) in the terminology of WO 
94/12649). PAVs are produced by cloning an expression 
plasmid with the gene of interest between the left-hand 
(including the sequences required for encapsidation) and 
5 the right-hand adenoviral ITRs . The PAV is propagated in 
the presence of a helper virus. Encapsidation of the PAV 
is preferred compared the helper virus because the helper 
virus is partially defective for packaging. (Either by 
virtue of mutations in the packaging signal or by virtue 

10 of its size (virus genomes greater than 37.5 kb package 
inefficiently) . In addition, the authors propose that in 
the absence of the protein IX gene the PAV will be 
preferentially packaged. However, neither of these 
mechanisms appear to be sufficiently restrictive to allow 

15 packaging of only PAVs/minimal vectors. The mutations 

proposed in the packaging signal diminish packaging, but 
do not provide an absolute block as the same packaging- 
activity is required to propagate the helper virus. Also 
neither an increase in the size of the helper virus nor 

20 the mutation of the protein IX gene will ensure that PAV 
is packaged exclusively. Thus, the method described in WO 
94/12649 is unlikely to be useful for the production of 
helper -free stocks of minimal adenovirus vectors/PAVs . 
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Table I 



orimers used for PGR amplification of DNA fragments used 
for generation of constructs described in this patent 
application . 



Ea - 1 CGTGTAGTGTATTTAT ACCCG 

Ea - 2 TCGTCACTGGGTGG AAAGCCA 

Ea - 3 TACCCGCCGTCCTAAAATGGC 

Ea - 5 TGG ACTTGAGCTGTAAACGC 

E p - 2 GCCT(TATGGAGGTCAGATGT 

Eb - 1 GCTTG AGCCCG AG AC ATGTC 

-rr rTSAG CTCAATCTGTATC: 



Eb-2 



SV4 0 - I GGG£L=J££GAACTTGTTT ATTGCAGC 



SV4 0 - 2 GGG^XCXAGACATGATAAGATAC 

Ad 5 - 1 GGG firr . T CIGTACTGAAATGTGTGGGC 

Ad5 - 2 GGAGGCTGCAGTCTCCAACGGCGT 

ITR1 5GGS£oXC£*CAAATCGTCACTTCCGT 

ITR2 GGGGIC^GACATCATCAATAATATAC 



PCR amplification Ad5 nt4 59 -> 
PCR amplification Ad5 nt960 <- 
ntl264-13Q4 of Ad5 genome 
nt!514-1533 of Ad5 genome 

nt.1721-1702 of Ad5; 
introduction of Ncol site 
at3269-3289 of Ad5 genome 
nt3508-3496 of Ad5 genome; 
introduction of Xhol site 
Introduction BamHI site 
<nt2182-2199 of pMLP.TK) 
adaption of ecombinant 
adenoviruses 
introduction BglH site 
(nt2312-2297 of pMLP.TK) 
introduction 3glII site 
(nt2496-2514 of pMLP.TK) 
nt277 9-27 56 zi PMLP.TK 
nt35737-35757 of Ad5 
(introduction of BamHI site) 
nt35935-35919 of Ad5 
(introduction of Xbal site) 



PCR primers sets to be used to create the Sail and AspVlB 
sites juxtaposed to the ITR sequences. 

PCR/MLPl GGCGAATTCGTCGACATCATCAATAATATACC (Ad5 «. 10-18) 

PCR/MLP2 GGCGAATTCGGTACCATCATCAATAATATACC (Ad5 nt. 10-18) 

(Ad5 nt.200-lB4) 
PCR/MLP3 CTGTGTACACCGGCGCA * 
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Synthetic oligonucleotide pair used to generate a. 
synthetic hairpin, recreates an Asp718 site at one of the 
termini if inserted in Asp718 site: 

HP/aspl 5' -GTACACTGACCTAGTGCCGCCCGGGCAAAGCCCGGGCGGCACTAGGTCAG 
HP/asp2 5 * - GTACCTGACCTAGTGCCGCCCGGGCTTTGCCCGGGCGGCACTA6GTCAGT 

Synthetic oligonucleotide pair used to generate a 
synthetic hairpin, contains the Clal recognition site to 
be used fcr hairpin formation. 

HP/clal 5' -GTACATTGACCTAGTGCCGCCCGGGCAAAGCCCGGGCGGCACTAGGTCAATCGAT 
HP/cla2 5 ' -GTACATCGATTGACCTAGTGCCGCCCGGGCTTTGCCCGGGCGGCACTAGGTCAAt 
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CLftlMS 

1. A recombinant nucleic acid molecule based on or 
derived from an adenovirus having at least a functional 
encapsidating signal and at least one functional Inverted 
Terminal Repeat or a functional fragment or derivative 

5 thereof and having no overlapping sequences which allow 
• for homologous recombination leading to replication, 
competent virus in a cell into which it is transferred.. 

2. A recombinant nucleic acid molecule according to 
claim 1 being in a linear form and comprising an. Inverted 

10 Terminal Repeat at or near both termini. 

3. A recombinant nucleic acid molecule according to 
claim 1 being in a linear and essentially single stranded 
form and comprising at the 3 ' terminus a sequence 
complementary to an upstream part of the same strand of 

15 said nucleic acid molecule, said sequence being capable of 
base-pairing with said part, in a way to be able to 
function as a start-site for a nucleic acid polymerase. 

4. A recombinant nucleic acid molecule according to 
claim 3, comprising all adenovirus derived genetic 

. 20 information necessary for replication, except for a 
functional encapsidation signal. 

5. A recombinant nucleic acid molecule derived from the 
nucleic . acid molecule according to claim 4 resulting from 
the action of a nucleic acid polymerase on said nucleic 

25 acid molecule according to claim 4. 

6 . A recombinant nucleic acid molecule according to 
claim 5 having an Inverted Terminal Repeat at both 
termini . 

. 7 . A recombinant nucleic acid molecule according to 
30 anyone of the aforegoing claims comprising a host range 
. mutation. 

8 . A recombinant nucleic acid molecule according to 
anyone of the aforegoing claims comprising a mutated E2 

SUBSTITUTE SHEET (RULE 26) 
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region rendering at Last one of its products temperature 

rTreconblnant nucleic acid .olecule according to 
ny one r« the aforegoing claims cousin, an ,2 regron 
the control of an inducible promoter. 

nucle'c acid molecules, which packaging cell has been 

raided with one or .ore -^"^ulty to 
Lecules which provide said cell w t h ^ It » 
10 express adenoviral gene products derived 

" Tptlgih, cell for packing -^irns derived 
nucleic acid molecules, which pacKagrng ceil has been 
rovided with one or more recombinant nuclerc : a rd 
15 Lecules which provide said cell wrt h br t ^ 
express adenoviral gene produces aerxved rr 
both the E1A and the E2A region. 

both the *. acc0 rding to claim 11. wherein the 

^ZZ^^Jl* encoding the E,A region 

20 is under control of an indue* le wherein 
13 A packaging cell accordxng to claim 11 or 

K-n,nr nucleic acid molecule encoaxng the E2A 
the recombinant Qf iM produc ts is 

region is mutatea so that at least 

temperature sensitive. which 
25 14 , cell according to anyone or. claxms xO 13 whi 

u -hilitv to express ElB products, 

does not have the aoxlxt/ to e v n(Sne tic 

t-o claim 14, wherein the genetic 
15 a cell accordxng to ciaxro a* 

— encoding ? products ---^ the 

16. A cell accoraxng to ciaxra 

30 region coding for ElB . ^ comprising a 

17. A cell accordxng to claxm xu, 

Ten' according to claim 17, whereby the marker gene 
is ' under control of the ElB responsive £~ 
19 . A packaging cell harbouring nucleotxdes 80 



35 - 

the human Adenovirus 5 genome. 
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20. A packaging cell harbouring nucleotides 459-1713 of 
the human Adenovirus 5 genome. 

21. A packaging cell harbouring nucleotides 459-3510 of 
the human Adenovirus 5 genome. 

5 22. A cell according to anyone of claims 10-13, which 
. does not have the ability to express the 21kD E1B product 

23. A cell according to claim 22, wherein the genetic 
information encoding the 21kD E1B ■ product is not present. 

24. A cell according to anyone of claims 10-23 which is < 
10 diploid cell. 

25. A ceil according to anyone of claims 10-24 which is 
of non-human origin. 

26. A ceil according to anyone of claims 10-25 which is 
of monkey origin. 

15 27." A ceil according to claim 19 as deposited under 
no. 95062101 at the ECACC. 

28. A recombinant nucleic acid molecule according to 
anyone of claims 1-9 being a DNA molecule. 

29. A recombinant nucleic acid molecule based on or 

20 derived from an adenovirus, having at least a deletion of 
nucleotides 459-3510 of the El region. 

30. A recombinant nucleic acid molecule based on or 
derived from an adenovirus/ having a deletion of 
nucleotides 459-1713 of the El region. 

25 31. An adenovirus -like particle comprising a recombinant 
nucleic acid molecule according to anyone of claims 1-9. 
.32. A ceil comprising a recombinant nucleic acid molecule 
according to anyone of claims 1-9. 

33. A recombinant nucleic acid according to' claims 1-3, 
30 comprising functional E2A end E2B genes or functional 

fragments or derivatives thereof under control of an E1A ' 
independent promoter. 

34. A ceil according to claim 26 which comprises a host 
range mutated E2A region of an adenovirus . 

35 35. A method for intracellular amplification comprising 
the steps of providing a cell with a linear DNA fragment 
to be amplified, which fragment is provided with at least 
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a functional part or derivative of an Inverzea Terminal 
Repeat at one terminus and providing said ce.x with 
functional E2 derived products necessary for repxicarron 
of said fragment and allowing said fragment tO be acted 
upon by a DNA polymerase . 

36. A method according to claim 35 whereby the cell is 
provided with genetic material encoding both E2A and E2B 
products . 

37. A method according to claim 35 or 36 wnereby a 
hairoin-liKe structure is provided at the terminus of the 
DNA fragment opposite the Inverted Terminal Repeat. 
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Figure 7 

Western blotting analysis of A549 clones transfected with pIG E1A NEO 
and PER clones (HER cells transfected with pIG.ElA.ElB) 
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Southern blot analyses of 293. 91 1 and PER cell lines 
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Figure 9 

Transfection efficiency of PER.C3, PER.C5, PER.C6 and 911 cells. 
Cells were cultured in 6- well plates and transfected (n=2) with 5 jig 
pRSV.lacZ by calcium-phosphate co-precipitation. Forry-eight hours later 
the cells were stained with X-GAL. The mean percentage of blue cells is 
shown. 
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Figure 10. 

Construction of pMLPl.TK from pMLP.TK 
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Replication of Adenovirus 
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Figure 14 
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Plasmid pICL is derived from the following plasmids: 

nt.l - 457 pMLPIO (Levrerno eC al M ) 

nt.458 - 1218 pCMVS (Clontech. EMBL Bank no. U02451) 

nt.1219 - 3016 pMLP.luc (Introgene. unpublished) 

nt.3017 - 5620 pBLCATS (Stein et al.-. 1989) 

The plasmid has been constructed as follows: 

The tet gene of plasmid pMLPIO has been inactivated by deletion of the BamHI- 
Sall fragment, to generate pMLPlOASB. Using primer ser PCR/MLP1 and PCR/MLP3 a 
210 bp fragment containing the Ad5-ITR # flanked by a synthetic Sail restriction 
site was amplified using pMLPIO DNA as the template. The PCR product was 
digested with the enzymes EcoRI and SgrAI to generate a 156 bp. fragment. 
Plasmid pMLPlOASB was digested with EcoRI and SgrAI to remove the ITR. This 
fragment was replaced by the EcoRI -SgrAI- treated PCR fragment to generate 
pMLP/SAL. 

Plasmid pCMV-Luc was digested with PvuII to completion and recirculated to 
remove the ^/40-derived . poly-adehylation signai and Ad5 sequences with excepticr. 
of the Ad5 left-terminus. In the resulting piasroid, pCMV-lucAAd, the Ad5 ITR was 
replaced by the Sal -site- flanked ITR from piasmid pMLP/SAL by exchanging the 
xmnl-SacII fragments. The resulting plasmid, pCMV- iucAAd/SAL, the Ad5 left 
terminus and the CMV-driven lucif erase gene were isolated as an Sall-Smal 
fragment and inserted in the Sail and Hpal digested plasmid pBLCATS, to form 
plasmid pICl. Plasmid pICL is represented in figure 

Plasmid pICl rcntains the following features: 

nt. 1-457 AdE left terminus (Sequence 1-457 of human adenovirus type 5) 
nt. 458-969 Human cytomegalovirus enhancer and immediate early promoter 

(Bosthart et al . , 19eS; from p'iasmic pCMVfi) 

nt. 970-1204SV40 19S exon and truncated 16/lrS intron { from plasmid pCMVS) 
nt. 1218-2987 Firefly luciferase gene (frcm pMLP.luci 

nt. 30iB-3I31SV40 tandem poly-adeny lation signals frcm late transcript, derived 
from plasmid pSLCATS) 

nt. 3 13 2- 562 C pUC12 backbone (derived frcrr. plasmid p£LCAT5 ) 
nt . 4337 -51915- lactamase gene ( Amp-res istence gene, reverse orientation; 




NAME: pICL 5620 BPS. DNA CIRCULAR UPDATED 5/01/95 
DESCRIPTION: 1 x Ad5 - ITR , CMV- lucif erase, minimal vector 
SEQUntfCE: sequence based on the on available information; 

Constructions verified by restriction enzyme digests; 

Sequence c: regions derived frcm amplified DNA verified by sequence 
analyses 

• • • SEQUENCE.?** 

1 CATCATCAAT AATATACCTT ATTTTGGATT GAASCCAATA TCATAATGAG GGGGTGGAGT 

61 TT GTG ACSTG SCCrCGOGZCG TGGGAACGGG CCGGGTGACG TAGTAGTCTG GCGGAAGTGT 

121 GATGTTGCAA GTGTGGCGGA ACACATGTAA GCG ACGGATG TGGCAAAAGT GACGTTTTTG 

181 GTGTGCGCCG GT3TACACAG CAAGTGACAA TTTTCGCGCG GTTTTAGGCG GATGTTGTAG 

241 TAAATTTGGG CCTAACCGAC TAAGATTTCG CCATTTTCGC GGGAAAACTG AATAAGAGGA 

301 AGTGAAATCT GAATAATTTT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 

361 GA CTTTG ACC GTTTA CCTGG AGACTCSCCC AGGTGTTTTr CTCAGGTGTT TTCCGCGTTC 

421 CGGGTCAAAC TTGGCGTTTT ATTATTA7AG 7CAGGGGCTG CAGGTCGTTA CATAACTTAC 

461 GGTAAATGGC CCGCCTGGCT GACCCCCCAA CCACICCCGC CCATTGACGT CAATAATGAC 

541 CTATGTTCCC ATAGTAACGC CAATAGGGAC TTTCCATTGA CGTCAATGGG TGGAGTATTT 

601 ACGGTAAACT GCCCACTTGG CACTACATCA AGTC7ATCAT ATGCCAAGTA CGCCCCCTAT 

661 TGACGTCAAT GACGGTAAAT GGCCCGCCTG GCATTATGCC CAGTACATGA CCTTATGGGA 

721 CrrrCCTACT TGGCAGTACA TCTACGTATT AGTwATCGCT ATTACCATGG TGATGCGGTT 

781 TTGGCAGTAC ATCAATGGGC GTGGATAGCG GT7TGACTCA CGGGGATTTC CAAGTCTCCA 
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1441 
1501 



1981 
2041 
2101 



841 CCCCATTGAC GTCAATGGGA CTTTG™ °E£C£AAT ^ GGGAGGTCTA 

901 TCGTAACAAC TCCGCCCCAT TGACGCAAAT IcACGCCATC CACGCTCTTT 

961 TATAAGCAGA GCTCCTTTAG TGAACCGTCA GATCGCCTGG ATCCGGTACT 

1021 TGACCTCCAT AGAAGACACC GG^CCGATC CAGCC^CCGG ACTCT^ TTTTATTTCA 

1081 CGAGGAACTG AAAAACCAGA AAGTT^ACTG GTAAg^ CTCAGTGGAT GTTGCCTTTA 

1141 GGTCCCGGAT CCGGTGGTGv- TGC-^^ TTACATTCTT GAATGTC3CT CGCAGTGACA 

1201 CTTCTAGTAT C^GCITGAA ^CCTTTGTG £ACATTCTT ^ 

S2 SSSE StagS SSSS Sggagagcaa ctscataagg ctatgaagag 

SttTOGAA CAATTGCTTT TACAGATGCA CATATCGAGG TGAACATC.AC 
GTACGCGGAA ScSSaA TCTCCGTTCG GTTGGCAGAA GCTATGAAAC GATATGGGCT 

g£ScS£ cacagaatcg tcgtatccag tcaaaactct cttcaattct ttatgccggt 
i 56 i SJSSgcg ttatitatcg gagtigcagt tgcgcccgcg aacgacattt ataatgaacg 

aIcSaTGA ACATTCGCA KCTACCGTA GTGTTTC7TT ggSJg? 
leal GTTGCAAAAA ATTTTGAACG TCCAAAAAAA ATTACCAATA ATCCAG^A JTATTATCAT 
r-ATTCTAAA ACGGATTACC AGGGATTTCA GTCGATGTAC ACGTTCG.wA CATCTCATCT 
i JJJ £c"tcc?ggt TTTAATCAAT ACGATTTTGT ACCAGAGTCC TTTCATC3TG ACAAAACAAT 

SSJScc? ctggatctac tgggttacct Jagg^tgg cccttccgca 
SS tagaactgcc ^cgtgagat tctcgcatoc cagagatcct mttttc-£ atcaaatcat 

ttgatTtctg gatitcgagt cgtcttaatg tatagattts aagaagagct 
■ I tccctJagg attacaaaat tcaaagtccg ttgctagtac caaccctatt 

GTTTTTACGA TCCOTC«G- trr-U'TIta CAAATACGAT TTATCTAATT TACACGAAAT 

2 ^ S'g^S ScgSa ag^ggggaa gcggtigcaa aagggttcca 

2221 TGCTTCTGGG GGCGCACC.C ™^C C - CACTGAGACT ACATCAGCTA TTCTGATTAC 
2281 TCTTCCAGGG ATACGACA«G GpT*TGG-C. CAwTGAGAC. TTGAAGCGAA 

2341 ACCCGAGGGG GATGATAAAC CGGGwG>.Gv,T CGGTAAACUr Uliuu 1ATTATGTGT 

"*t Z^—**.-*? CTGGATACCG GGAAAACGCT GGGCGTTAAT CAGAG«— - AATTATGTGT 

240,. G^TTG.— T crc-AiA^-o „ AAACAATCCC GAAGCGACGA ACGCCTTGAT 

2461 CAGAGGACCT ATGATTATG, CCG^-TGT TCGGACGAAG ACGAACACTT 

2521 TGACAAGGAT GGATGGCTAC ^TG^A CATAGCTTAC ^ TGGCCCCCGC 
2581 CTTCATAGTT WCCGCTTK AGTC .AAT JAAAT«CAAA ™ TCGCAGGTCT 
2641 TGAATTGGAA TCGATATTG. «CpACCC CAACATCTTC ACGGAAAGAC 
2701 TCCCGACGAT GACGCCGGTG AACTT..CGC ^GCCGTTG CGAAAAAGTT 
GATGACGGAA AAAGAGATCG ACCGAAAGGT CTTACCGGAA AACTCGACCC 

GCGCGGAGGA GTTGTGTTTG ™*£^fj CAAGAAGGGC GGAAAGTCCA AATTGTAAAA 
AAGAAAAATC AGAGAGATCC TC«T«^C CAAGAAGGGC CCCCAACTrG 
2941 TGTAACTGTA TTCAGCGATG ACG^TTCT JAGCTATTG TCACAAATTT CACAAATAAA 
3001 rTTA TTGCAG CTTATAATG- ™C^T«A TCATCAATGT ATCTTATCAT 

3061 GCArmrrr cactgcattc tag^-tg-t ttctc^aac £ tcatagctct 

3121 GTCTGGATCG =ATCCATCCC CGG..ACCGA ^JCGAATTC _ 
3181 TTCCTGTCTG AAATTCTT- gctAACTCAC ATTAATIGCC TIGCGCTCAC 

3241 AGTGTAAAGC CTGGGGTGCC TAA^^ SJJgCTGCA TTAATCAATC GGCCAACGCG 
3301 TGCCCGCTTT CCAGTCGGG^ AACC^.CGT ^GCT^ GACTCGC TCC 
CGGGGAGAGG CGGTTTGCGT ATTG^^ CTTCCGCTTC ^ ATACGGTTAT 

GCTCGGTCGT TCGGCTGCGG CG.G.^AT ^GCTCA CAAAAGGCCA 
CCACAGAATC AGGGGATAAC =E^AAGA ACATGTGAGC CCTGACGAGC 
GGAACCGTAA AAAGGCCGCG TTGCTG^GT TTTTCCATAG TA TAAAGATACC 

ATCACAAAAA TCGACGCTCA AGTC^AGGT GGCGAAAU CCGCTTACCG 
3661 AGGCGTTTCC CCCTGGAAGC TCCCTCGTGC ^CTCCTGT ^AC^ 
3721 GATACCTGTC CGCCTTTCTC CCAAGCTGGG CTGTGTGCAC GAACCCCCCG 

3731 SSSS SclSSc SatcgggS acSS?S TGAGTCCAAC CCGGTAAGAC 

3841 TTCAGCCCGA CCGCTGCGCC ^itp^. T TAGCAGAGCG AGGTATGTAG 

a1SS??S £g?£££c ctaactacgg ctacactaga aggacagtat 

3961 GCGGTGCTAC AGAGTTCTTG CCTTCGGAAA AAGAGTTGGT AGCTCTTGAT 

4021 TTGGTATCTG CGCTCTGCTG AAGC^GTTA COTC^ to^^gcag cAGATTACGC 
CCGGCAAACA AACCACCGCT SSStC TACGGGGTCT GACGCTCAGT 

GCAGAAAAAA AGGATCTCAA ^O^CT: ^TCT^ atcaaaaagg ATC TrCACCT 
MWi GGAACGAAAA CTCACGTTAA AATCAATCTA AAGTATATAT GAGTAAACTT 

4261 AGATCCTTTT AAATTAAAAA TCA«»T^TA ^ATCAA^ ctcagcgATC TCTCTATTTC 
4321 GGTCTGACAG TTACCAATGC TTAATC^TG ^CACCTAT ^ GAGGGCTTAC 
4381 GTTCATCCAT AGTTGCCTGA CTCACCGGCT CCAGATTTAT 

4441 CATCTGGCCC CAGTGCTGCA ATG ?;: CC^ GAGACCCACG ^ ACTTTATCCG 
4501 CAGCAATAAA CCAGCCAGCC «W« AAGCTAGAGT AAGTAG7TGG CCAGTTAATA 
4551 CCTCCATCCA GTCTATTAAT TGTTSw-— - cc ' AUAbi 
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462! 

468 

474! 

480 

486 

492 

496: 

504 

5io: 
516: 
522: 

528 
534: 
540 
546: 
552 



TGGCTTCATT CAGCTCCGGT rggg™ S£c1S£ CaSSSaAG TTGGCCGCAG 
GCAAAAAAGC GGTTAGCTCC WJGCTCCTC SaMTCTCT TACTCTCATC CCATCCG7AA 
TGTTATCACT CATGGTTATG GCAGCACTGC £TAATTU£-1 TGTATGCGGC 
GATGCTTTTC TGTGACTGGT GAGTACTCAA CCAAGTCATT ^ AGCAGAACTT 
GACCGAGTTG CTCTTGCCCG GCGTCAATAC ^g^'SciCAMB ATCTTACCGC 
TAAAAGTGCT CATCATTGGA AAACGTTCTT CGGGGC^AAA GCATCTTTTA 

£™S SSSS5 cagSaSa aS^ccgca AAAAAGGGAA 

Sa^GAC aSgAAaS ^AATACTCA TACTCTTCCT TATTGAAGCA 
TTTATCAGGG TTATTGTCTC ATGAGCGGAT ACMATTTGA ATCTATTT^ GAAACCATTA 
MtrnrtfyT TCCGCGCACA TTTCCCCGAA AAGTGCCACC TGACGTCTAA «*~"- v - A * 
^I^c AAAAATAGGC GTATCACGAG GCCTATGCGG TGTCAAATAC 

£££££ AAATACCGCA ^CGCCA ™CCMK 
ACTGTTGGGA AGGGCGATCG GTCCGGGCCT CTTCGCTATT ACGCCAGCTC ^GAAAGG-G 
GATGTGCTGC AAGGCGATTA AGTTGGGTAA CGCCAGGGTT TTCCCAGTCA CGACGTTG.A 



5581 AAACGACGGC CAGTGCCAAG CTTGCATGCC TGCAGGTCGA 
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